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(57) Abstract: The invention relates to technical physics and can be widely used for chemistry, electronic engineering, optical 
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manipulation of various objects starting with individual cells and biomolecules ranging to metallic and dielectric particles in 
gases and liquids, including biomedia and biotissues. The inventive method and corresponding devices make it possible to 
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(57) PecJiepaT: M3o6pereHHe othochtcji k oojiacrn tc x h h nee koh 4>h3hkh c hjhdokoh o6jiacrbio bo3momchwx 
npHMeHeHHR b xhmhm, 3JieicrpoHHKe, onTHxe, MaTepnajiOBeACHMH, HaHorexHOJiorHH, 6HOTexHO/iorMH, 
4>apMaKonorHM, 6HOJiorHH, MeAHUHHe, TeaTpajibHbix npeACTaBJieHHH, oojiacTH peioiaMbi h Kacaercji 
MaHHnyjiHUHH npocTpaHCTBeHHWM nojioxceHMeM o6i,eKTOB pa3J!HMHoro Tnna ot oahhohhmx mieTOK h 
6HOMOJieKyji ao MerajuiHHecHx h AHSJiejcrpHHecKHx nacxHu, HaxoAfliAHXca b ra3ax hjih jkhakoctjix, 

BKJlK)Hafl pa3J1HHHbie 6HOCp€Ab! H 6HOTKaHH. FIpeAflOJKeH CnOC06 H COOTBeTCTByK>UUHe ycTpoRcTBa, 

KOTopwe no3BOJi«K>T o6ecneHHTb AHHaMnnecicoe (fcopMHposaHHe TepMHMecKHx h/hjih aKycrHnecKHx 
rpaAHeHTOB b cpeAe okojio o6pa3ua, AOcraTOHHbix aa» nepeABioKeHH* h npocTpaHCTBeHHofi (J>hkcbuhh 
3Toro oS-beKra b 3aAaHHOM 06-beMe. 3to aocth raeTCH 3a cner onpeAcneHHofi npocTpaHCTBeHHofi 
reoMeTpHM onrHHecKoro nyHica (luiocKoft, umiHHApHMecKofi h T.n.) h BpeMeHHoro peiKHMa pa6oTbi 
onTHHecKoro HCTOHHHKa, b MacTHocTH, HMnyjibCHO-nepHOAHMecKoro khh HenpepwBHOro c 

MOAyJl»UHeH MOIAHOCTM M3JiyHeHHfl. OnHCaHbl yCTpOHCTBa C HCnOJ1b30BaHHCM OnTHMeCKHX BOJIOKOH H 

aicycTHHecKHx jihh3, b KOTOpbix npeAycMOTpeHo TaioKe Hcnojib30BaHwe Aono/iHirreJibHbix 
norJiomaK>iAHX KOMnoHeHTOB, Ao6aBJiaeMbix b oonyMaeMyio cpeAy. 

PaccMOTpeHbi pa3JiHHHbie BapnaHTbi npaicrHHec koh peajiH3aunH npeAnaraeMoro moopereHHfl, 
BKJiJOHaa (|)OToaKycTHHecKHe mnrmbi, ({)OTOaKycTHHecKHH TyHHejib h <|>OToaKycTHHecKyK> jioByiuicy c 
Hcnoji b3o Ban ne m pa3J!HHHbix Jia3epoB. #octohhctbom npeAAaraeMoro H3o6peTeHHa *BJUieTCJi 

B03MO)KHOCTb MaHHnyJIHpOBaHHH npOCTpaHCTBCHHblM nOJlOKCHHCM K3K OTAe/lbHblX HaCTHU., TaK H 

MaccHBa nacTMu, BtcntOHaft hx ^HKcaumo b jik>6om 3a^annoM nojio>KeHHH, hx abiokchhc b jik)6om 
HanpaBJieHHH c jiio6oh CKopocTbio, npHHeM k nacTHuaiM He npeAbflBJiaeTCfl jkcctkhx Tpe6oBaH h h KaK 
no onTHHecKHM cBOMcxsaM (ohh Moryr Hivterb jho6oh noKa3aTenb npcuoMJieHHJi, 6brrb 
Henpo3paHHbiMM), TaK h no pa3MCpaM h Becy, npHHeM MaHHnyjiflUH» ocymecTBJiaeTCJi b OTcyrcTB h h 
np»Moro o6nyMeHH» MacTHUbi, mo HCKJnonacT BcraMoacHocrb hx jiyneBoro noBpe>KAeHHJi. 



OnTHHECKHHMETO^ H YCTPOHCTBO ^JIH IIPOCTPAHCTBEHHOH 

MAHHnyjiaipDa oeeektamh 



OUUCAHIIE H30EPETEHHX 

5 OSjiaCTB TeXHHKH. 

H3o6peTeHHe othochtcji k oSjiacTH TexHHHecKoft (J>h3hkh c ninpoKofi oSjiacTtio bo3MO>khbix 

npHMCHCHHH B XHMHH, 3JieKTpOHHKe 3 OHTHKe, MaTepHaJIOBeAeHHH, HaHOTeXHOJIOTHH, 

SHOTexHOJiorHH, $apMaKOJiorHH 5 6hojiothh ? MeAHijHHe, TearpajibHbrx npeACTaBJieHHH, oSjiacra 
peKJiaMbi, h KacaeTCii MaHHiryjrajHH np o CTp aHCTB chhbim nojioiceHHeM o6i»eKTOB pa3JiHHHoro rana ot 

10 OAHHOHHblX KJICTOK H GHOMOJieiCyJI RO MeTaJIJIHHeCKHX H AH3JieKTpHHeCKHX HaCTHH,, HaXOAJHH,HXCfl B 

ra3ax hjih ^ch^kocthx. 

npe,ninecTByH>iJU(HH ypoBenb tcxhiikh . 

^OCTaTOHHO XOponiO H3BeCTHbI MHOTOHHCJieHHbie MeTOAbI MaHHnyJIHI^HH OTAeJIbHblMH 

o6i,eKTaMH c noMomtio MexaHEraecKHX npHcnocoSjiei-iPiH rana MHKponHHu.eTOB, iinxnijOB, MHKpOHrji h 

1 5 T.n. He^ocTaxKOM noAo6Hbix mctoaob ^BJTijexc^ HeoSxoAHMOCTb MexaHHHecicoro KOHTaicra yKa3ain-iBix 
npncnoco6jieHiiH c o6teKTOM. B cjrynae Majibix oGteicTOB c xapaierepHbiMH pa3MepaMH nop^AKa 
eflHHHij MHKpoH ynpaBJieHHe hmh npeACTaBjraeT AOCTaroHHO cjio)kh)'k> 3aAany. IIpH stom cynjecTByeT 
onacHOCTb MexaHH^ecicoro noBpe>KAeHH5i hjih Ae^opMaiiHH TaKHX o6beKTOB, BHeceHmi 
He>KeJiaTeJibHbix 3arp^3HeHHH ? hjih "npHJiraiaHHa" o6teKTa k no b epxHo cth HHCTpyMeHTa . Oco6eHHo 

20 KpHTHHHBi nepeHHCJieHHBie npo6jieMbi ajiji cjrynaii pa6oTbi c MHKp o 6ho o 6b eicraMH . AjibTepHaTHBHbiM 
peuieHHeM rjix c])HKcaunH h H3Mei-ieHmi npocTpaHCTBeHHoro nojKWKeroifl pa3JiHHHbix oGteKTOB 
HBjiHeTc^ Hcnojib30BaHHe pa3JiHHHbix thitob H3jryqeHHH ot yjibTpa3ByKa ao Jia3epa. HaiiGoJibuiHH 
nporpecc 6biji AOcrarHyT b pe3yjTbTaTe co3AaHH5i Taic Ha3biBaeMoro «onraHecicoro nHHneTa 
(mHnu;oB)» ? npHHi^nn paSoTbi KOToporo ocHOBaH Ha Hcnonb30BaHHe 3<|)(|>eKTa AaBJieHHfl CBeTa. 3tot 

25 3<|>(i>eKT oSecne^HBaeT npH chjibhoh (^OKycnpoBKe HSJiyHemra HenocpeACTBeHHO Ha oS'beKT 
4)opMHpOBaHHe onTHHecKHx rpaflHeHTHbix chji, yAep^KHBaiomHx oGjrynaeMbie nacTHijbi b6jih3h 
c])OKyca. B KanecTBe HCTOHHHKa H3JiyHeHHa Hcnojib3yeTCJi Jia3ep, paGoTaiomHH b HenpeptiBHOM 
poKHMe [1-3]. npHMepoM ynpaBJi^eMbix Hacrau; MoryT cjiy>KHTb AHSJieicrpHHecKHe npo3paHHbie 
cc|)epbi c pa3MepoM ot 20 hm ao agc^tkob mkm hjih 6ho ji orHHe ckhc oG'beKTbi: BHpycbi, SarcrepHH, 

30 KJieTKH. 3thm ycTpoHCTBaM, BbinycKaeMbiM KOMMepnecKH [4] h HaineAHiHM ninpoKoe npHMeHeHHe b 
pa3JiHHHbix o6jiacT5ix MeAHii.HHbi h Ghojiothh, TeM He MeHee npHcyrrjH onpeAeJieHHbie HeAOCTarKH. 
J\jm cosAaHHfl AocraTOHHbix yAep>icHBaiomHx rpaAHeHTHbix chji He o 6xo AHMa 4>OKycHpoBKa jia3epHoro 
jryna c noMombio MHKpooG'beKTHBOB c 6ojibhioh anepTypoH, hto pe3KO yMeHbuiaeT oSbeM soHbi, b 
npeAejiax KOTopofi mo>kho MaHHnyjinpoBaTb 6Ho6beKTaMH. flai-iHLin mctoa npiiMeHHM b ochobhom k 

35 npo3paHHbiM oS'beieraM., noica3aTejTb npejioivrjieHHH KOTopbix npeBbiniaeT noKa3aTejib npejioMJieHHH 
OKpy>icaiomeH cpeAbi. TaKHM o6pa30M, 3th ycTpOHCTBa He Moryx Slitb ncnojibSOBaHbi ajih 
MaHwrryjiHiiPiH c oSteKTaMH, hmgk>hi;hmh noKa3axejib npejioMJieHHH, 6jih3khh k noica3aTejrio 
npejTOMJieHHH cpeAbi, hjih c chjim-io noraomaiomHMH hjih nojiHOCTbio Henpo3panHbiMH Rim H3JiyHeHHii 
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o6teKTaMH. HcnojiL30BaHHe ccj^oicycHpOBaHHoro Ha o6i>eKT H3JiyHeHira (no 5-10 MBt/cm 2 ) MO>iceT 
npHBecTH k HenpeACKa3yeMOMy bjihahhio Ha 6HOo6teKTbi conyrcTByiomero TemioBoro hjim 
4)OTOXHMHHecKoro B03^eHCTBHH. 3to B03AeMcTBHe MO>KeT 6bitb nacTHHHO CHH>KeHO npii 
Hcnojib30BaHHH Jia3epoB 6jiH>KHero HH^paKpacHoro AHana30Ha (npHMepHO 700-900 hm), r#e 
5 6oJibuiHHCTBo SnojiorHHecKHX MOJieicyji MMeeT MHHHManbHoe norjiomemie. O^i-iaito rsokg b stoh 
oGjracTH jioKajibHoe nornomeHHe Ha OTAejibHbix xpoMO(|)opax Mo^ceT npHBecra k cmiBHOMy 
jioKajibHOMy neperpeBy. KpoMe toto, onTEraecKHe rpa^neHTHBie chjibi oneHb Majiti (eflHHHijbi 

nHKoHbK)TOH) ? HTO n03BOJI5ieT MaHHnyJIHpOB aTB C HX nOMOmbK) npOSpaHHBIMH HaCTHI^aMH c 

pa3MepoM He 6ojibine hcckojibkhx ^eMTKOB mhkpoh. 

10 H3BeCTHBI TaiOKe MeTO^bl H C OTB CTCTBy K) 111,11© yCTpOHCTBa, B KOTOpblX B03MO>KHOCTb 

npiiHyAHTejibHoro flBH>iceHira noraomaiomHX H3JiyneHHe nacTHu; peanH30BaHa Ha ocHOBe hx 

06jiyHeHH5I MOH^HblM HMnyJIbCHbIM Jia3epHbIM H3 JiyHCHHeM . B OAHOM M3 3THX MeTO^OB, 

npeAJio^ceHHbix rjik ohhctkh pa3JiHHHbix noBepXHOCTen., OTpbiB nacTHij nwjiH ot noBepxHocTH 
AocxHraeTCH H3-3a pe3Koro xenjiOBoro pacniHpeHiui oGjiynaeMOH Hacraijbi [ 5 ]. B ApyroM MeTo^e 
15 accHMeTpHHHOH Jia3epHOH a6jian;HH nacTHijbi ee HensoTponHoe o6jiyneHHe (HanpHMep, TOJibKO c 

O^HOH CTOpOHbl) npHBO^HT K 6bICTpOMy TenJIOBOMy HCnapeHHfO HaCTH HaCTHI^bl HJIH 06pa30BaHHK) 

njia3MeHHoro (|>aKejia n 3 KaK cjieflCTBHe, k <J)opMHpoBaHHio 3(|K|>eKTa oT^aHH, hto 3acTaBJDieT Hacrauy 
ABHraTbc^i b HanpaBjieHHH, npoTHBonojioioibiM HanpaBJieHHio BbiSpoca npo,nyKTOB a6jumHH [6]. 
^BH^ceHHe oTAejibHbix nacTefi oS^eiera bo3mo>kho b pe3yjibTaTe co3^aHHH ^aBJieHHH noR bjih^hhcm 

20 norjiomeHHH na3epi-ioro H3JiyHeHHH BHyTpH caMoro o6pa3ii;a. B nacTHOCTH, b o^hom hs TexHHne ckhx 
pemeHHH HSJiyneHHe Jia3epa nepe3 OTBepcrae b TBep^OM o6pa3ije 3 npo^enaHHOM caMHM >ice nasepoM, 
i-ianpaBJi^jTOCb Brny6b o6pa3ija h, SjiaroAapji CHJibHOMy noraomeHHio b o6pa3u;e h conyTCTByiomeH 
a6jian;HH 3 cosflaeT 3HaHHTejibHoe BHyTpeHHee AaBJieHHe, no# bjthhhhgm KOToporo o6pa3eu; 
pacKanbiBancH Ha OTAejibHbie nacra, KOTopbie pa3JieTanHCb b pa3Hbie cTopoHbi [ 7 ]. CKopocTb 

25 ABH>Kei-ipm 3aBHCHT ot Maccbi oT^ejibHbix 4>parMeHTOB. IIomhmo nocTynaTejibHoro jipvDKQmm. 
OTAejibHbie 4)parMeHTbi B pesyjibTare cj)opMiipoBaHHii HecHMMeTpHHHbix momchtob sHepran 
npHoSpeTaiOT Taioice BpamarejibHoe ^BioKei-me. B ApyroM pemeHiin jia3epHoe HSJiyneraie 
noraomaeTca b ManoM 3aMKHyTOM oGteivie ^khakocth (nrpaiomeM ponb caMoro o6pa3U[a) ? KOTopaa b 
cnjiy B03HHKaiomero rn^p o CTaTHHe CKoro AaBJieHHa BbiSpacbiBaeTC^ c Gojibmoii CKopocTbio nepe3 

30 HeSojibiuoe OTBepcrae b orpaHiiHiiBaromeii oS^eM CTemce [8 ]. B ApyroM y CTp ohctb e Jia3epHoe 
H3JiyneHHe (HMnyjibCHbiH aaorabiH jra3ep) BHanajie HcnojibsyeTCii jxjik h30jihu;hh Bbi6paHHbix 
MHKpoo6pa3u,oB ot oKpy>KaK)Hi;eH hx TKaHH nyreM Jia3epHOH pe3KH (HcnapeHii^) nacTH TKaHH BOKpyr 
o6pa3aa 5 pacnoJio>KeHHoro Ha no^JioKice [9]. 3areM jia3epHbiH HMnyjibc noBbiineHHOH moh^hocth 
oGnynaeT Bbi,n;eJieHbiH o6pa3eu; nepe3 npo3paHHyio noflJioxcicy, b pe3yjibTaTe Hero o6pa3en; c 

35 ycKopeHHeM noKH,n;aeT noAno^acy h nona^aeT b pacnojio^ceHH}^ Ha HeKOTopoM paccTo^iHHH ot 
noAJio>KKH naineHKy hjih Apyryio noAJio^ocy. Abtopbi nonaraioT, hto MexaHH3M TaKoro 
KaTanyjibTHpoBaHHH ocHOBaH Ha onTHHecKOM AaBJieHHH. O^HaKo Sonee npocToe oSt^cHeHHe MO>iceT 
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3aioiK)HaTBC5i b Tom, hto npn pe3KOM HarpeBe noBepxHOCTH o6pa3u;a h ero nacTHHHOH a&JiM\mi 
co3AaioTC5i peaierHBHaji cHJia h HMnyjibc OTAaHH, npHBcwmjHe o6pa3eu; b ^BiraceHHe. Onpe^ejieHHbiM 

HeflOCTaTKOM BCeX paCCMOTpeHHBIX OnTHHeCKHX MeTO^OB H HX pa3JIHHHBIX MOAH(J)HKaUiHH [10-13] 

ABJiaeTCii Heo6xoAHMOCTb np^Moro oGjiyneHHA o6pa3n;a hjih ero nacTH BbicoKOHHTeHCHBHbiM 
5 H3JryneHHeM 5 hto Moitex npHBecra k H3MeHeHHio ero cbohctb hjih noBpe^eHmo. KpOMe toto, 
Hcnojri>30BaHHe 3thx MeTOAOB no npeAJio>KeHHbiM cxeMaM no3BOJiaeT oSecneHHTb tojibko 6ojibinoe 5 
KaK npaBHJio, cjia6o KOHTpoJiHpyeivioe ycKOpeHHe nacTHij. To ecTt Bonpoc yAep:>KaHH5i sthx nacTHu; 
hjih tohhoh MaHHiryjniijHH hx np o cTp aHCTB eHHoro nojioaceHHfl, BKJHonaji ijejieHanpaBJieroioe 
MefljieHHoe nepeABH>iceHHe b jiioSom 3a#aHHOM HanpaBJieHHH, penieH He Sbiji. 
10 Ot 3Toro He^ocTaTKa cboGoahm MeTo^bi, o chob aHHBie Ha Hcnojib30BaHHH 3HeprHH yjiBTpa3ByKa 

(V3) jxsin nepe^BH^ceHHH nacraij [14-17 ]. OAHaico 3th mctoabi TpeGyiOT pa3Mem,eHHH b6jih3h HacTHij 

HCTOHHHKOB Y3 BOJIH, HJIH HaJIHHHH ^OnOJIHHTeJIBHOH KaMepbl, K CTeHKe KOTOpOH npHCTBIKOBBIB aiOTOH 

3TH hctohhhkh, BbinojiHeHHbie, HanpHMep b BH^e jiHHeHKH nbesosjiercrpHHecKHx 3JieMeHTOB. Bee 3TH 
MeTOAbi oTHOGHTejibHo cjio^KHbi h Tpe6yK>T TmaTejibHOH CHHxpoHH3au;HH pa6oTbi OT^enbHbix 
15 hctohhhkob hjih hx nepeMemeHira, hto co3#aeT onpe^ejieHHbie Tpy^HocTH npn hx npaKTHHecKOH 
peajiH3ai^HH. KpOMe toto, b 3thx MeTo^ax TpyzjHo o6ecnenHTb Bbicoicyio tohhoctb MaHHiryjniijHH 

HaCTHIj; H3-3a TeXHHHeCKOH CJIO>ICHOCTH C03^aHH5I aKyCTHHeCKHX MHKpOJIHH3 J\JIK (J»OpMHpOBaHH5I MaJIOH 
AJIHHbl BOJIHbl Y3 KOJieSaHHH. KpOMe TOrO, 3TH MeTO^bl He n03BOJI5IIOT ynpaBJIHTb OAHOBpeMeHHO 
HeCKOJIbKHMH HaCTHIjaMH. 

20 HaH6oJiee 6jih3khm no TexHHHecKOH cymHocra jrajraeTca peiueHiie [18], b kotopom 

npe^Jiaraexca onraHecKHH nHHijeT (mHnijbi) MaHHnyjrajHH oTpancaiomHMH oGteKTaMH. B HeM 
ocymecTBJiaeTCii <j)OKycHpoBKa HSJiyneHHii Ha nacTHiry b6jih3h ee noBepxHOCTH. B KanecTBe 
HCTOHHHKa H3JiyneHH3i HcnoJib3yeTCfl Jia3ep b HenpepbiBHOM pe>KHMe, co3AaiomHH rpa^neHTHbie chjibi 
b6jih3H noBepxHOCTH o6pa3n;a 6jiaroAapfl onncaHHOMy Bbiine 3<|><|)eKTy jjaBJiemra CBeTa. HajiHHHe 

25 cpeAbi BOKpyr o6i>eKTa He flBjraeTCji npHHixHnHanbHO Heo6xo^HMOH . TaK KaK chjibi npn 3tom hbji^iotc^ 
OTTajiKHB aiomHMH, a He y#ep>KHBaK)iii 1 HMH, KaK b cjrynae npo3paHHbix nacTHLi; c Gojiee bbicokhm 
noKasaTeneM npejioMJiemiii, to rrsl yAep;acaHHfl HacTHirbi b 3a#aHHOM nojio^KeHHH npeflJioxceHo 6bijio 
Hcnojib30BaTb BbicoKOCKOpocTHoe CKaHHpoBaHHe Jia3epHoro nyHKa BOKpyr Hacraijbi. He^ocTaTKOM 

3TOH CXeMbI HBJHieTCil CJIO^HOCTb TeXHHHeCKOH peaJIH3aiJHH, Tpe6yK>meH ? B HaCTHOCTH, 

30 Hcnojib30BaHHe #onojiHHTejibHoro cKaHHpyiomero 3epKajia. TexHHHecKH npome Hcnojib30BaTb 
oAHOBpeMeHHo TpH nyHKa, paBHOMepHo pacnojio^KeHHbix no nepHMeTpy nacTHi^bi [19 ]. ^jih 
peaJiH3auHH stoh cxeMbi mo>icho Hcnojib30BaTb HSBecTHbie mctoabi pacmeroieroDi OAHoro Jiyna Ha 
HecKOJibKO. O^i-iaKO npoTOTHiry npneymn MHorne He^ocTaTKH BbiineonHcaHHbix cxeM onranecKHx 
mHnu;oB. 

35 LJeJibio ^aHHoro H3o6peTeHH5i HBJiHeTCH HcmiioHeHHe yKa3aHHbix He,n;o CTaTKOB, T.e. co3AaHHe 

cnocoGa h cooTBeTCByiomero y CTp o hctb a, oGecneHHBaiomHX bo3mo>khoctb onTHHecKoro 
MaHHnyjiHpoBaHHH np o CTp aHCTB chhbim nojio^ceHHeM KaK OTflejibHbix nacTHij;, TaK h MaccHBa nacTHi^, 
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b OTcy tctb hh hx npjiMoro oSjiyneHHJi HCKJiioHeHHfl bo3Mo>khocth hx jiyieBoro noBpe>ig^eHK5r. 
npH 3tom k HacTumaM He npeAt^BjMeTCH ^cecTKHx TpeGoBamiH icax no onTHHecKHM CBOHCTBaM (ohh 
MoryT MMeTb jiioGoh noKa3arejib npejiOMJieHHH, Glitb Henpo3paHHbiMH ? chjibho nonioiijaioiijHMH h t. 
n. ), xaic h no paaMepaM, h Becy. Tlojx MaHiinyjiflijHen noHHMaeTCji nx npHHyAHTejibHoe ABtraceHHe b 
5 jiio6om i-ianpaBJieHHH, c jik>6oh cicopocTbio, 3axBaT h (J)HKcai^ra nacTim b jik)6om 3a.uaHHOM 
nojro>KeHHH ? pa3,ziiejieHHe nacTHij., KOTopbie Haxo/jHJiHCb b KOHTarcre (b cbji3H c a^resnen, arperaijHefi, 
npo^BjieHneM MOJieicyjiflpHbix chji cuenjieHHH h t.a.) ? cenapau;H5i n T.n. 

IIocTaBJieHHaH ijejii> AOCTiiraeTCH tcm, hto b cnoco6e MaHHnyjmjHH o6i>eKTaMH nyreM 
(J)OKycHpOBKH onTHHecKoro HSJiyneHHii b oGnacTb np 0 CTp aHCTB eHHoro pacnono^ceHHH o6teKTa 5 

10 onTHHecKoe H3JiyneHHe 4>OKycnpyeTca b cpe^y b6jih3h noBepxHocra o6teKTa. npn 3tom napaMeTpti 
onTHMecKoro H3JiyHemra h cpe,zjbi Bbi6npaioTCJi TaKHMH, htoGbi o6ecneHHTb b pesyjibTare 
B3aHMo^ciiTCBHH H3JiyHeHHH co cpeAOH 4>opMHpoBaHHe B HGH CHJI, AeiiCTByiOIUHX Ha oSteKT H 
npHBO^mnx ero b Jiio6oe 3a^aHHoe no xapaKTepy ABroiceHHe hjih, Hao6opoT, yAepaoiBaiomHx o6i>eKT. 
LEpH noASope napaMexpoB HSJiyneHHH (ajihhbi bojihbi, SHepniH hjih moii^hocth H3JiyHeHHfl) h pe>KHMa 

15 o6jiyHeHHH (HMnyjibCHbiH c oahhohhbimh hjih noBTOpnioiijHMHca HMnyjiBcaMH, HenpeptiBHbiH, 
MOAyJiHpoBaHHbiH h T.n.) Moryr yHHTBiBaTtca npn Heo6xoAHMOCTH TaioKe h napaMeTpn oObeKTa, b 
nepByio onepeAb, ero onTmecKHe h aicycTHHecKHe CBOHCTBa, a TaioKe pa3Mepti h $opMa. 
TeoMeTpHHecKaH (|)opMa onrHHecicoro nynica (raraa) h npocTpaHCTBeHHoe pacnpeAejiemie (npo<f)Hjib) 
njioTHOCTH SHeprHH (HHTeHCHBHOCTH) onTHHecKoro H3JTyqeHHH b npe^ejiax yicasaHHoro rorraa 

20 BBiSnpaiOTCH, hcxoaji M3 xapaicrepa TpeSyeMOH MaHHnyjiflijHH. HanpiiMep, npn acHMMeTpHHHOM 
xapaKTepe B03HHKaiomHx chji, pe3yjibTHpyioin;afl CHJia npHBOAHT o6beier b ABEDKeHHe. H, Hao6opoT , 
CHMMeTpHHHBiH xapaKTep chji (pe3yjitTHpyiomafl CHJia, AeMcTByfoinan Ha o6bexcr 3 paBHa Hyjno) 
oSecnenHBaeT ero y^ep>KHBaHHe b 3a^;aHHOH np o CTp aHCTBeHHO h o6jiacTH. B nocjie^HeM cjrynae 
nepeivremeHHe o6i>eKTa ocymecTBjiaeTca nyreM nepeMemeHHH onTHHecKoro nynica no OTHomeHHK) k 

25 cpe#e hjih nyTeM nepeMememui cpeABi no OTHoniemiio k onTmtecKOMy nynicy. 

O^Hy H3 rjiaBHbix pojien b MaHiinyjinqnH nrpaioT c(|>opMHpoBaHHbie c noMoiujbio onTHHecKoro 
H3JiyneHHH TenjioBBie h/hjih aicycTHHecKHe rpa^neHTBi b cpe/je b Heno cp e^CTB eHHOH 6jih3octh ot 
oS'beKTa. TpaAHeHTBi MoryT B03HHKaTb b pe3yjibTaTe oSbiHHoro onTHHecKoro norjiomeHHfl (ecjiH 
cpe^a nonnomaiomafl) c nocjieAyioiii;HM npeo6pa30BaHneM noniomeHHOH SHeprnn b CHJiy 

30 Ses'bHSJiynaTejibHbix nepexo^OB b Tenjio. Ohh Moryr BosHHKHyTb npn onTHnecKOM npoSe (^Ji5i cjiynaii 
cjiaGonorjioiiiiaiomHX >kh#ko CTeii ) Mon^Horo jia3epHoro ccjDOKycHpoBaHHoro HMiiyjibCHoro H3JiyHeHH^ ? 
B03HHKaioiii;eM b pe3yjibTaTe HOHH3an;HH h (f>opMHpoBaHna nnasMbi, KOTopaa noraoiqaeT nacTb 
onTHHecKoro H3 JiyneHHii . B HTore 4>opMHpyiOTCH 3HanHTejibHbie TeraiOBbie h, KaK cJie^CTBHe, 
aKycTHnecKiie rpaAHeHTbi, conpoBO^caamnecii moiahbimh y^apHbiMH BOJiHaMH. H3-3a HBjieHiui 

35 sjieKTpocTpHKUHH MoryT TaioKe 4>opMHpoBaTbCH aKycTHHecKHe rpa^HeHTbi b cjiaGonoraomaiomHX 
cpeAax 6e3 3HaHHTejibHbix TenjioBbix 3$(|)eKTOB. B cboio onepeAB, yKa3aHHbie rpaAHeHTbi, b 

3 aBHCHMO CTH OT HX BeJIHHHHbl, np O CTp aHCTBeHHOrO pacnpeAeJieHHH H BpeMeHHOH 4>OpMbI 5 IIpHBOAAT 
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K (J)OpMHpOBaHHK) pa3JIHHHbIX (|>H3HHeCKHX CHJI, fleHCTByiOHJHX Ha oGteKT. IIpHHHHOH 3THX CHJI 

MO>Kex Slits oSbrraoe TemioBoe pacniHpeHHe HarpeToro o6i>eMa KaK uejioro, hjih tojtc>ko ero nacTH, 
hjih TOJibKO tohkoto HarpeToro cjioa Ha rpaHHije o6teMa. PacniHpeHHbiH HarperaM cjioh 6yaer 
pa6oTaTb KaK nopineHb (nopniHeBaa MO^ejit), TOJiKaiomnH oSteKT. IIpH flocTiiaceHHH TeMnepaTypbi 
5 HcnapeHHH oSjiynaeMOH ^khakocth H3-sa npoijecca napoo6pa30BaHHa ^opMHpyiOTca ny3bipn ? 
KOToptie npn pacuiHpeHHH MoryT TomaTb oSteKTBi hjih BOBJieKaTb b ^BH^ceHHe conpHKacaioiuyioca 

^KHflKOCTb. C^OpMHpOBaHHblH TaKHM o6pa30M nOTOK fleHCTByeT Ha oG-beKT. lIpH CXJIOIIbIB aHHH 

ny3BipeM, o6pa3yK)TCH MomHbie BTopuHHbie aicycTHMecKHe bojihli Taioice aeHcTByioiijHe Ha oG-lqkt. 

TaKHM 06pa30M B03HHKaK)T aKyCTHHeCKHe BOJIHbl, KOTOpbie npHBOflOT K (J) OpMHpOBaHHK) CHJI 

10 aKycTHHecKoro AaBJieHHH, AeHCxsyiomHX Ha o6beKT. OnranecKHH npo6oH 3 B03HHKaiomHH H3-3a 
CHJibHoro JioKajibHoro pa3orpeBa >kh#kocth 3 TaioKe npHBo^HT k o6pa30BaHmo ny3bipeii, npnqeM 
6jiaro,n;apii HMiryjibCHOMy xapaKTepy h Majioii ^jiHTeJibHOCTH orcraHecKoro HMiryjibca $opMHpyioTCH 
KaBHTau;HOHHbie ^BJieHRW, ycnjiHBaiomHe AeiiCTBHe OTMeneHHbix chji. OnHcaHHbie aBjieHHH npHBOA^T 

TaiOKe K (|)OpMHpOBaHHK) aKyCTHHeCKHX H KOHBeKLJHOHHblX nOTOKOB H HMIiyJIbCHblX CTpyn, 

15 AeHCTByiomnx Ha oSteKT h BOBJieKaiomHx ero b ABroiceHiie. Oco6eHHO CHJibHoe BJimiHHe no,n;o6Hbix 
34>4>eKTOB npoiiBJiiieTC^ npn hx (|)opMHpoBaHHH b6jih3h 06-beKTa b cny^ae B3pbiBHoro xapaKTepa 
HcnapeHHH hjih npn o 6 jryneHHH no^Jio>icKH 3 pacnojiomeHHOH pnROM c oS'beKTOM. C oahoh CTOpOHbi, 
oTMeneHHbie noTOKH MoryT Bbi3biBaTb HecTa6HJibHOCTb b ynpaBjieHHH o6i>eKTaMH 5 c ApyroH CTopoHbi, 
ohh MoryT 6biTb uejieHanpaBJieHHO Hcnojib30BaTbca ,n;jtJi ynpaBJieHHK o6i»eKTaMH 5 oco6eHHo b cjiynae 

20 hx 6oJibuiHX pa3MepOB. JIoKajibHbiH HarpeB MoiceT TaK>Ke npHBecTH k noiiBJieHHio chjt 

P a^HO M ©TpH^eCKOrO AaBJieHHfl, KOTOpbie, B 3 aBHCHMO CTH OT JIOKaJIH3aii;HH 5 npOCTpaHCTBeHHOH 

opHeHTau,HH h cTeneHH CHMMeTpHH no OTHomeHHio k oS'beKTy, MoryT HcnoJib30BaTbcn rjisi ero 
ynpaBJieHHfl. AcHMMeTpHHHbiH HarpeB MO>iceT npHBecra Taioice k acHMMeTpHH 6poyHOBCKoro 

ABH>KeHH5I ? KOTOpOe MOICCT 6bITb HCnOJIb30BaHO npH MaHHnyJIfllJHH OTHO CHTejIBHO MaJIblX HacTHii;. 

25 ITomhmo oGjiy^eHHH cpeAbi okojio oS^eKTa, B03M03KHO TaioKe o6jiyqeHHe 5 Kor,na nacTb 

HSJiyneHHH nona^aeT Ha He6ojibiiryio nacTb noBepxHoera o6*beKTa. IlapaMeTpbi H3JiyneHH^ Moryr 
Bbi6paHbi TaK, HToSbi He noBpe^HTb oSteKT. B 3toh cxeMe pe3yjibTHpyiomaa CHJia Sy^eT 
onpeAejiiiTbCii pa3H0CTbK> chji, <J)opMHpyeMbix b cpe^e h Ha oS^eKTe. 3to pa3HOCTb SyzjeT 3aBHceTb ot 
acHMMeTpHH TennoBbix 34>4)eKTOB b cpe/je h oSjryneHHOH nacTH oS-bercra, BKJiiona^ acHMMeTpHHHO e 

30 TenJiosoe pacurapeHHe nacTH o6i>eKTa 5 ncnapeHHe He6ojibuioH ero nacra hjih ncnapeHHe cpeflbi, 
conpHKacaioiuieHC^ c HarpeTOH nacTbio oSbeKTa, a6svnj&n Ha noBepxHO cth oS-beKTa, npHBOAiimeH k 
MexaHH^ecKOMy 3cJ)c|)eKTy oxzjaHH hjih acHMMeTpHH pa^iiai^HOHHbix 3(})(})eKTOB. Bo3MO>kho Taioice 

nOHBJieHHe aCHMMeTpHHHblX aKyTHHeCKHX H KOHBe^HOHHBIX nOTOKOB H CTpyH. YHHKaJIbHaJI 

B03M0>KH0CTb no3iBji^eTC5[ npn corjiacoBaHHH napaMeTpOB onTHHecKoro nynKa, cpe^bi h caMoro 
35 oS'beKTa 3a cneT ^opMHpoBaHHa BOKpyr Hero hjih Henocpe^cTBeHHo b HeM CHMMeTpHHHbix chji, 
KOTOpbie npn OTHOCHTejibHOM ABH>iceHHHH onTHHe CKoro nyHKa hjih cpe,n;bi (JiopMHpyiOT 
HecHMMeTpHHHoe pacnpeAeJieHHe, KOTopoe 3acTaBji^eT oS^eKT ABHraTbca k oSjiacTH 4>oKyca nyHKa. 
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B03M0>KH0, TaKOH 3(J)(J)eKT HMGCT MGCTO II B OOblHHblX OHTHHeCKHX HHHU,eTaX [1-2 ] RJW CJiyHaH 

norjiomaiomHX o6i>eKTOB, Kor^a paAHOMeTpunecKHe hjih KaKne-jinGo Apyrne TemioBoft npnpOAM 

CHJIbI AOMHHHpyiOT HaA HHCTO OnTHHeCKHMH rp a AH CHTHbl M Ii CHJiaMH. 

JJjix peajiH3au;HH npe^jiaraeMoro cnocoSa MaHHnyji^uiHH npeAJiaraioTCii cjieAyioiime 4>opivii>i 
5 cBeTOBoro nynKa okojio o6*teKTa: oahhohhoc cBeTOBoe fditho; y3Kaa npHMoyrojibHaa nonocKa 
(jihhhh); Ayra OKpy>KHOcra; nojiycepn hjih CBeTOBoe kojibijo BOKpyr o6teKTa (jiynniHH npHMep 
BbinojiHeHHii) ; cnjiomHoe CBeTOBoe imtho c hhtchchbhoctbio H3JiyneHH5i, yMeHtmaromeHca k 
ijempy; CBeTOBoe kojibijo, b ijeircpe KOToporo HMeeTca oTAejibHoe CBeTOBoe imtho; hjih hx 
KOM6HHarj;M. PacnpeAejieHHe SHepran b cbctobom nyHKe MoaceT 6bm> HenpeptiBHbiM hjih 
10 AHCKpeTHbiM, to ecTb cocTOfliijHM H3 OT^ejibHtix cbctobbix iiOTeH, nonocoK, noJiycepnoB, Ayr 

OKpy >KHO CTH HJIH HX pa3JIHHHBIX KOIVlGHHaiJHH. 

Oahhm H3 nacTHbix, ho o^eHb Ba>icHbix cjiy^iaeB iiBjifleTCfl Hcnojib30BaHHe (j)opMbi CBeTOBoro 
nflTHa b BH^e KOJibija hjih ero Hacra. IIpH stom napaMeTpbi onTHnecKoro HSJiyneHHH h cpe^Bi 
BbiGnpaiOTC^ TaKHMH, htoSbi oSecneHHTb (J)opMHpoBaHHe c^OKycnpoBaHHbix aKycTHHecKHX hjih 
15 yjibTpa3ByK0Bbix (V3) bojih, HanpaBJiaeMbix Ha oG'beKT. 3to iiBjnieTCfl aHajioroM aKycraHecKoro 
nHHqeTa [14] no TexHHHecKOMy pe3yjibTaTy xora (j)opMHpoBaHHe V3 bojih nponcxoAHT c noMombio 
onTHHecKoro H3 JiyneHmi . IIpeAJioaKeHHbiH cnocoS HMeeT pjiA npeHMymecTB, b tom HHCJie 
AHCTaHUHOHHbiH xapaKTep reHepaijHH Y3 bojih (o6pa3yeTC>i CBoeo6pa3HM BiipTyajibHan onro- 
aKycTHHecicaji jiHH3a i^HJiHH^pHHecKOH hjih jiioSoh Apyroft reoMeTpHH) h jierKOCTb MaHHiryjiHi^HH 3a 
20 ohgt H3MeHeHM napaMeTpoB oirraHecKoro H3JiyqeHHfl. 

OnTHHecKoe H3JiyneHHe MO>iceT HcnojibsoBaTbcn KaK b BHAe oahoto CBeTOBoro nyHKa 
oTMeneHHOH Bbinie npocTpaHCTBeHHOH reoivreTpHH, TaK h b BHAe AByx hjih Tpex nepeceKaiomHXCfl 
nyHKOB. B cjiynae iptUHHApHHecKOH reoMeTpHH nyHKOB, oS^eicT HaxoAHTca BHyTpn oSjiacra hx 
nepeceneHHfl. Pa3Mep stoh oSjiacra mokct Memrrbcji 3a chqt H3MCHeHH5r AHaMeTpa nyHKOB hjih yraa 

25 MGTKKy HX OnTHHeCKHMH OCHMH. 

IlOMHMO TpaflHIJiHOHHOH JIHH30BOH HJIH 3epKajIbHOH TeXHHKH, nOABOA OnTHHeCKOTO HSJiy^eHHH 

k o6TbeKTy MO>iceT ocymecTBJiOTbca c noMombio oahoto hjih hgckojibkhx onTHHecKHX cbctoboaob . 
Ohh MoryT 6biTb pacnojio>KeHbi b np o CTpaHCTB e pa3JiHHHbiM o6pa30M: ABa CBeTOBOAa HanpoTHB Apyr 
Apyra, HecKOJibKo CBeTOBOAOB, pacnojioiceHHbix BeepoM BOKpyr o6i>eKTa ? b BHAe rpe6eHKH hjih b 

30 oahom HanpaBJieHHH h t. n. Ochobhbim Tpe6oBaHHeM npn stom SyAeT noABOA H3JiyneHHH b saAaHHbie 
30Hbi TaK, htoGbi o6ecneHHBajiocb (j)opMHpoBaHHe HeoSxoAHMbix chji, oGecneHHBaioiAHx ABmiceHiie 
oG-beKTa b 3aAaHHOM HanpaBJieHHH hjih <|)HKcauHio ero b 3aAaHHOH o6jiacTH. 

CpeAa, b KOTopoH HaxoA^TCii o6teKTbi 5 Mo>iceT Sbitb b npHHmHne jho6oh, TaK KaK noASopoM 
napaMeTpoB H3JiyqeHHH mo>kho oSecneHHTb (J)opMHpoBaHHe 3aAaHHbix chji b jiio6oh 

35 npocTpaHCTBeHHOH o6jiacTH. HanpHMep, cpe^a Mo>iceT Sbitb HenorjiomaioiAeH hjih 
cjia6onorjiomaioiiiieH 3 a HeoGxoAHMoe norjiomeHHe b Hen b oSecnenHBaeTca 3a cneT BKJiioHeHiiii b 
cocTaB cpeABi norjiomaiomHX KOMnoHeHTOB pa3JiHHH0H npnpoABi. 3th KOMnoHeHTbi Moryr BBOAHTbCii 
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b cpe^y ao Hanajia MaHHnyji^HH hjih bo BpeMfl MaminyjumHH HenpeptiBHo hjih AHCKperao. B 
Henorjiomaiomyio hjih cjiaSonoraomaiomyio cpe,ny phaom c 06'beKTOM mokct noMemaTbCJi 
AonojiHHTejibHbiH norjiomaiomHH onTHHecKoe H3JiyneHHe 3JieivieHT hjih hcckojibko Taicnx sjicmchxob. 
3tot 3JieMeHT Moxcex hmctb npaKTHHecKH jiK)6yio <j)opMy 3 HanpHMep, b BH^e tohkoh miacTHHbi, 
5 npoBOJioKH, HHTeii, MHKpoc^ep, MHKpou;HJiHHApoB . 3aTeM OHTHHe CKO 6 H3Jiy*ieHHe (JjoKycnpyeTCH Ha 

3TOT HJIH 3TH 3JieMeHTbI ? KOTOpbie OpHeHTHp OB aHBI B npOCTpaHCTBe TaKHM o6pa30M, HToGbl 
B03HHKaK)H];He CHJIbI AeHCTBOBaJIH Ha o6beKT H npHBOflHJIH erO B ABH>KeHHe B 3aAaHHOM HanpaB JieHHH . 

B KaqecTBe cpe^Bi MoryT HcnoJibsoBaTbCfl pa3JiHHHtie norjiomafomne HSJiyneHHe >khakocth 5 ra3Bi ? 
rejiH, pa3JiHHHbie 6HOJiorHHecKHe cpeAbi, HanpHMep, co,n;ep>KHMoe XKai-ieii h KJieTOK, TBepAbie 

1 0 nOAJIO>KKH C >KH£KOH HJIH ra30BOH cpe£OH HaM HX nOB epXHO CTBK) . 

OnTHHecKoe H3jryneHHe MO>KeT 4>OKycHpoBaTbca bo BHyrpeHHHe nojiocTH GHOJiornnecKHx 
TKaHeM (potoboh, yuiHOH h Apyrnx 30h) 3 a Taioice HenocpeACTBeHHO b caMH TKaHH h 6ho CTpy KTypw 
(pa3JiHHHbie cocy^Bi h jiHM(J)oy3JiBi ? rjiasa h t. a.). Otasjibhoh 6ojibhioh o6jiacTbio npHMeHemifl 

HBJTHeTCH MaHHiryJIfllTHJI KaK OTAGJIbHblMH KJieTKaMH, TaK H pa3JIHHHbIMH SHAOreHHBIMH 

15 BHyTpHKJICTOHHBIMH CTpy KTy p aMH THna OTAejIBHBIX OpraHeJIJI, MHOTOXOHApHH, Wep ? XpOMOCOM. 

Bo3Mo>KHa MaHHnyjiflijHii TaioKe jhoSbimh 3K3 oreHHbiMH (BHeceHHbiMH h3bh©) 3jieMeHTaMH rana 
ra30Bbix ny3bipbKOB ? pa3JiHHHbix xhmhhcckhx co e ahhchhh h JieKapcTB, Haxoflnmnxcii b cbo6oahom, 
arpernpoBaHHOM hjih KancyjinpoBaHHOM coctohhhh. Ohh Moryr 6biTb TaioKe npHKpenjieHbi k 

pa3JIHHHbIM MHKpOHOCHTeJI^M B BH^e MHKp OKancyJI, JiraiOCOM, HeMeTaJIJIHHeCKHX H MexaJIJIHHeCKHX 

20 MHKpoct^ep, pa3JiHHHbix ^jryopecn;eHTHbix sohaob hjih (J) oTOTepMHHecKHX (norjiomaK)mHx) npo6. 

TlpeAJiaraeMbie cnocoGbi MaHHnyjraiXHH BKJiioHaioT paBHOMepHoe hjih ycKopeHHoe ABiraeeHHe 
oahhomhbix o6i»eKTOB b 3a^aHHOM HanpaBJieHHH, KaK or jia3epHoro nyHKa, TaK h no HanpaBjieHHio k 
HeMy, yAep^KHBaHHe hx b 3aAaHHOM nojio^ceHHH, oT^ejieHHe o6t>cktob Apyr ot Apyra hjih ot 

nOAJIO^CKH, HJIH CeJieKTHBHyK) COpTHpOBKy H CeJieKI^HK) pa3JIHHHbIX oS'beKTOB C pa3JIHHHbIMH 

25 napaMexpaMii, TaKHMH KaK rniOTHOCTb, reoMeTpHnecKHe pa3Mepbi, aKy crane cKHe h orrraHecKiie 
xapaKTepHCTHKH. CoprapoBKa o6i>eKTOB Mo^ceT o6ecneMHBaTbC5i 3a cner HaBeAeHHfl onxHHecKHM 
H3JiyneHHeM ctoahhx aKycraHecKHx bojih b 3aMKHyxoM o6i»eMe pa3JiHHHoft npocxpaHCXBeHHOH 
reoMeTpHH: ijhjihhaphhcckoh, c^epHHecKOH, hjih b <j)opMe napajuiejiemmeAa h Ky6a. IIpH stom 
reHepariH5i aKycTHHecKHX bojih o cymecxB jraexcfl 3a cneT norjiomemifl onTHHecKoro H3JiyHeHHH b 

30 cTeHKax, orpaHHHHBaiomHx yKa3aHHbiH o6beM ? hjih pacnojio>iceHHOH BHyxpH 3xoro o6i»eMa cpe^bi, 
npHneM onxHnecKoe H3JiyHeHHe mokct Sbitb c(J)OpMHpoBaHO b bhjxp oahoto nyHKa hjih 
nepHo^HHecKOH np o CTp aHCTB chhoh CTpyKTypbi, B03HHKaiom;eH b pesyjibTaTe HHTep^epemiHOHHbix 

HJIH rOJIOrpa<J)HHeCKHX 3(J)(J)eKTOB. 

HarpeB norjioujaioineH H3JiyneHHH >khakocth onTHHecKHM H3jryneHHeM MO>iceT ocymecTBJiHTbCH 
35 jih6o Ha ee no b epXHO cth (a^h cjryna^ cnjibHoro noraoiAeHHii), jihGo b o6beMe (ajdi cjiynaa 
oraocHTejibHo cjiaSo norjiomaiomen >khakocth). npH stom Bbi6npaa pe>KHM H3JiyHeHHH h (|)opMy 
onTHHecKoro nyHKa mo>kho peajinsoBbiBaTb HanpaBJieHH>xo TenjioByio KOHBeKUHK) pa3JiHHHoro THna, 
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HanpHMep, #B*DKeHHe >khakocth b pa^nanbHOM HanpaBJieHHH otho CHTejibHo onTHnecKoro Kpyraoro 
nynica, ^BroiceHHe >kh^kocth k ijeHTpy pacnojio^ceHHbix no OKpy>KHocra OT^ejibHbix onTHHecKHx 
nyHKOB. MoiceT cJ>opMHpoBaTbCfl KpyroBoe ABHxceHHe 3a CHex nocjieAOBaTejibHoro bo BpeMeHH 
oSjiyneHHJi OTAejibHbix 3oh, pacnojio^ceHHbix no nepn^epHH oS'beKTa, hjih 3a cneT KpyroBoro 
5 ABH>KeHna caMHx nyHKOB. B HTore oSteKTbi npnxoAHT b cooTBeTCTByiomee ABH>Kei-nie hjih, HaoSopOT, 
hx nojioiceHne ^HKCHpyeTca 3a cneT CHMMeTpHHHoro npHTOKa ^khakocth ot nepH^epnn k jjeinpy, b 
nacTHOCTH, npn Hcnojit30BaHiiH onTHnecKoro ny^Ka KOJibijeBOH reoMexpmi. TaKHM o6pa30M mo>kho 

(|>OpMHpOBaTb MHKpOBOAOBOpOTBI Ha nOB epXHO CTH HJIH B oSlbeMe ^KH^KOCTH HJIH «MHKp OTOpHa^O » B 

ra3ax. 

10 B onncaHHtix cnocoSax mokct HcnojibsoBaTbCii KaK HenpepbiBHoe orcraraecKoe HSJiyneHHe, TaK 

h MOAyjrapoBaHHoe no hhtchchbho cth H3jryneHHe b ninpOKOM ^nana30He nacTOT MO,nyjraii;HH (ot 
cotbix Tia; ro eAHHHii, rTn;). 

npe^JiaraeMbie cnoco6bi MoryT peajiHSOBaTbCJi c noMombio pa3JiHHHbix ycTpoiiCTB. Yctpohctbo 
RSin onra^ecKOH MaHHiryjraijHH nojioiceHneM o6:beKTOB b cpe^e BKJiiOHaeT hctohhhk onTHnecKoro 

15 H3JiyHeHHfl, onTHHecKyio CHCTeMy, CHCTeMy npocTpaHCTBCHHoro nepeMememia oS'beKTa b cpe^e, 

CBiI3aHHyiO C OnTHHeCKOH CHCTeMOH h/hJIH C nepeABKMCHbIM CTOJIHKOM, Ha KOTOpOM MoaceT 

Haxo^HTbc^ oS'beKT. B 3tom ycTpoHCTBe hctohhhk onTHnecKoro H3JiyHeHHfl paSoTaeT b HenpepbiBHOM 
pe>KHMe H3JiyHeHHii n otji Mo^yjiiimiH HHTeHCHBHOCTH H3JiyHeHHa BBe^eH MOAyji5rrop onTHnecKoro 
H3JiyHeHii5i. AjibTepHaxiiBi-ibiM pemeHneM xbjikqtcx Bbi6op HCTOHHHKa H3JiyHeHHJi, paSoTaioujero b 
20 HMnyjibCHOM pe>KHMe. OnTHHecKan ciiCTeMa BMecTe c cocTaBjraiomHMH ee 3JieMeHTaMH h/hjih 

AOnOJIHHTeJTbHblH OnTHHeCKHH SjIOK, pacnOJIO>KeHHbIH 3a OCHOBHOH OnTHHeCKOH CHCTeMOH, 

BbinojiHeHbi TaKHM o6pa30M ? htoSh oSecnenHTb sa/jaHHoe pacnpe^ejieHHe H3JiyqeHHJi b cpe^e b6jih3h 

OS'beKTa, H MO>KeT BKJIIOHaTb JIHH3y HJIH CHCTeMy JIHH3, ^Ha^parMbl, npOCTpaHCTBeHHblH (|)HJIbTp ? 

rojrorpa(})HHecKHe 3JieMeHTbi, AH^paKtiiHOHHbie 3JieMeHTbi, onTHHecKHe 3JieMeHTbi Rim 
25 npocTpaHCTBeHHoro CKaHHp ob aHHa CBeTOBoro nywa BOKpyr oS'beKTa, o^hh hjih HecKOJibKO raSicHX 
cBeTOBo^OB. /^jiHHa bojihm onTHnecKoro HCTOHHHKa h onTHHecKHe napaMeTpbi h cocTaB cpe#bi 
BbiSpanbi TaKHM o6pa30M, HToSbi oSecneHHTb norjiomemie H3JiyHeHHfl b caMOH cpe^e. BpeMeHHtie h 
3HepreTHHecKHe napaMeTpbi onraHecKoro HCTOHHHKa BbiSnpaioTCii hcxoaji H3 ycjiOBHH oSecneneHHH 
AHHaMHHecKoro 4>opMHpoBaHHii TepMHHe ckhx h aKycTHHecKHx rpaAHeHTOB b cpe^e okojio oS'beKTa. 
30 3th rpaAHeHTbi b cboio oHepe^b HanpiiMyio hjih nepe3 conyrcTByiomHe 3(|)$eKTbi oSecneHHBaiOT 
CHJiOBoe BosAencTBHe Ha stot oSpasen;, ^ocTaxoHHoe ero nepeMemeHHH b TpeSyeMOM 

HanpaBJieHHH c 3a^aHHOH cicopocTLio hjih 4>HKcaijHH axoro oS'beKTa b TpeSyeMOM oSbeMe. 

IlapaMeTpbi onraHecKOH CHCTeMbi hjih yKa3aHHoro ^onojiHHTejibHoro onTHnecKoro SjiOKa 
BbiSnpaiOT TaKHM o6pa30M, htoSh oSecneHHTb b cpe^e bSjihsh oSbeKTa pacnpe^ejieHHe cbctoboh 
35 3HeprHH b BH^e oahhohhofo CBeTOBoro n^THa h/hjih ysKOH npiiMoyroJibHOH nojiocKH h/hjih jjyrn 
oKpy^Hocra h/hjih b BH^e nojrycepna h/hjih b BH,n;e CBeTOBoro KOJibn;a BOKpyr oS'beKTa h/hjih b BH#e 
cnJioiHHoro CBeTOBoro iwraa c hhtchchbho ctbio H3 jiyneHHs , yMeHbinaioiu;eHCii k u;eHTpy h/hjih b BH^e 
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cBeTcmoro icojibija BOKpyr o6-BeKTa h/hjih b BHAe CBeTOBoro KOJibrja, b ijenrpe KOTOporo HMeeTca 
OTAejibHoe cBeTOBoe imtho, npHHeM pacnpe^ejieime 3HeprHH b hhx mo>kct 6bitb KaK HenpeptiBHbiM, 
TaK h AHCKpeTHbiM, to ecTL cocToainiHM H3 oT^ejibHtix CBeTOBbix iiHTeH, noJiocoK, nojiycepnoB, jsyr 

O Kpy >KH O CTH HJIH HX pa3JIHHHbIX KOM6HHaiJHH. 

5 B KanecTBe oiithh e ckhx 3JieMeHTOB MoryT Hcnojib30BaTbCii unrrai-mpHHecKHe jihh3bi hjih 

c(J>epoii l HJiE[H f apHHecKHe JiHH3bi ? o#Ha hjih HecKOJibKHx onTHMecKHx njiacTHH c peryjiHpyeMbiM yrnoM 
HaioioHa no othoiiighhio k oirranecKOH och ochobhoh onTHHecKOH CHCTeMbi, hjih pasjiHHHaa 

KOMDHHai^m 3THX 3JieMeHTOB. 

Moiety OCHOBHOH OnTHHeCKOH CHCTeMOH HJIH ^OnOJIHHTejIBHblM OnTHHeCKHM GjIOKOM H 

10 oGtercroM MoryT 6biTb BBe^eHBi AonojiHHTejibHbie oirranecKHe sjieMeHTbi, pacnojio>iceHHbie b cpe#e 
b6jih3H o6i»eKTa. 3th 3JieMeHTbi Moryr npeflCTaBJiOTb co6oh onraHecKH npospanHyio otui H3JiyneHHH 
njiacTHHy hjih aHajiorHHHyio nnacTHHy c norjiomaiomHM n o Kp bith e m Ha noB epxHO cth, oGpameHHOH 
k oSteitTy, hjih aHajiorHHHyio nepBOH njiacTHHy c ^onojiHHTejibHOH norjiomaiomeii nneHKOH Ha 
yKa3aHHOH noBepxHocra, hjih tojibko o/jHy norjiomaioiiryio mieHKy, npn 3tom hjiockocth yKa3aHHbix 

1 5 sjieMeHTOB pacnojiomeHbi nepneHAHKyjnipHo onTHHecKOH och yica3aHHoro SjioKa. 

fljia reHepau,HH aKycrmecKHx KOJieSaHHH, B03AeHCTByioHjHX Ha o6T>eKT, MO>icex 
Hcnojib30BaTbCii jia3epHoe HSJiyneHHe. JJjiz 3Toro pjiaom c oG'beKTOM pa3Meiu;aeTCii aKycTHnecKaa 
JiHH3a 5 opueHTHpoBaHHa^ b npocTpaHCTBe TaK, hto H3Jiy^ieHHe nona^aeT Ha BXO£Hyio noBepxHOCTb 
jiHH3bi ? a $OKyc JIHH3BI coBna^aeT c noJio^ceHHeM oG'beKTa. Ha BXOAHyio hjih BbixoAHyio noBepxHOCTb 

20 jiHH3bi HaHOCHTCH norjioujaiomee noRpbirae. B cjiynae HcnojibsoBamra HCTOHHHKa HenpepbiBHoro 
HSJiyqeHHH npe,zrycMOTpeHO BBe,n;eHHe AonojiHHrejibHoro SjioKa h3mchchhs[ HacroTbi mo^jdhthh 

HHTeHCHBHOCTH HSJiyHCHHJI, CB5I3aHHOrO C OCHOBHbIM MO^yJIJITOpOM. IIpH HCnOJIb30BaHHH 

HMnyjibCHoro H3JiyHeHH£ b 4>yHKu;HH yKa3aHHoro 6jioica bxoaht H3MeHeHHe nacTOTbi noBTopeHHK 
onTHHecKHX HMnyjibcoB. 3Ta nacTOTa onpe^ejiaeT cooTBeTCTByioiiiyio nacTOTy (AJiHHy bojihbi) 
25 aicycTHHecKOH bojihbi, b o 3,0; e h CTBy io men Ha oSteKT. H3MeHeHHe nacTOTbi Heo6xo,a;HMO ajui 
npocTpaHCTBeHHoro nepeMemeHiui oG^eKTa 3a cneT np o CTp aHCTBeHHoro cMemeHHH $OKyca 

aKyCTHHeCKOH JIHH3BI, nOJIO^ECeHHe KOTOporo 3aBHCHT OT HaCTOTbl (AJIHHbl BOJIHbl) aKyCTHHeCKHX 

KOJie6aHHH. AjibTepHaTHBHbiM pemeHHeM HBJiaeTCH BBe^eHHe 6jioKa MexamraecKoro nepeMeii^eHiM 

JIHH3BI, CBH3 aHHO TO C 3TOH JIHH30H. 

30 npe^JiaraeTC^ Taioice o6-bGjx}mwrh OTAejibHbie aKycTHnecKHe jthhsm, co6paHHbie b JiHHeHKy, a 

onTHHecKyio cHCTeMy BbinojiHHTb TaK, hto6m OHa oSecnenHBajia (|>opMHpoBaHHe hcckojibko cbctobbix 
nyHKOB, KcDKRhiPi H3 KOTOpbix nona,a;aeT Ha cooTBeTCTByioiiryK) Jinray. KpoMe 3Toro, bbo^htch 6jiok 

cJ)a30BOH 3a#ep>KKH 5 COeAHHeHHblH C Ka>ig3,OH H3 JIHH3 H HCTOHHHKOM H3 JiyHeHH^L . Bee 3TH Mepbi 

Heo6xoAHMbi ^jih oSecneneHHK paSoTbi jihhchkh aKy cTii^e ckhx jihh3 b pe>KHMe (J)a30BOH 
3 5 aKycTHHecKOH aHTeHHbi. 

B KanecTBe oahoto H3 TexHHHecKHx peineHHH npeAJiaraeTC^ bbccth eir;e o^hh 

AOnOJIHHTeJIbHblH OnTHHeCKHH 6jIOK ? KOTOpblH CBM3aH C OnTHHeCKOH CHCTeMOH hjih nepBHM 6JIOKOM. 
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3tot 6jiok MO^ceT 6mtb BbinojmeH b bha© CBeTOAeJiHTenbHbix nuacTHHOK h/hjih AHtJjpaicijHOHHbix 
ajieivieHTOB h/hjih CBeTOBO^OB, copHeHTHpoBaHHbix b np o CTp ehctb e rax., HTo6bi oGecneHHBajiocb 
pa3flejieHHe ocHOBHoro cBeTOBoro nyHKa Ha hcckojibko. B cboio onepeAb, 3th nyHKH Moryr 6bitb 
pacnojio>KeHbi iioa yraoM Apyr otho CHTCJibHO Apyra. B HacTHO cth, nyHKH Moryr 6biTb HanpaBJieHbi 
5 itoa np^MbiM yraoM hjih HaBCTpe^y Apyr Apyry. B nocjie^HeM cjiynae nyHKH MoryT pacnojiaraTbca 
KaK coocho, Tax h napanjiejibHo co cMenjeHneM Apyr otho cnre jibho Apyra. <Doicycbi OTAeJibHbix 
nyHKOB MoryT coBnaAarb, Jie^caTb b oahoh iuiockocth hjih 6bm> CMemeHHbiMH BAOJib onranecKOH och 
OTHocHTejibHO Apyr Apyra. 

3a cneT corjiacoBaHHK napaMeTpoB AonojiHHTejibHoro onTHHecKoro 6jioKa c napaMeTpaMU 

10 ochobhoh onTHHecKOH yAaeTca co3AaTb b cpeAe okojio oG'beKTa JiioSoe TpexMepHoe pacnpeAejieHHe 
SHeprHH, HanpHMep, b BHAe OAHHOHHoro mniHHApa h/hjih BorHyroH JiHH3bi 3 h/hjih c(f>epbi c o6teKTOM 
BHyTpH 3toh ccjjepbi, h/hjih ab}^x nepeceKaioiAHxcH u.hjihhaphhcckhx nynKOB c oG^eKTOM BHyrpH 
oSjiacTH hx nepecenei-imi, h/hjih nepHOAHHecKHX npocTpaHCTBem-ibix peniexoic c pasjiHHHbiM inaroM 
ot eAHHHE( MHKpoH ao HecKOJibKHX MHJiJiHMeTpoB. Co3AaHHe HeoGxoAHMoro np o CTpaHCTB eHHoro 

15 pacnpeAejieHHe H3JiyHeHH« mokct 6biTb o6ecneneHO KaK Bbi6opoM co otb CTCTByiomnx napaMeTpoB 

OIITHKH, TaK H BBeAeHHeM AOnOJIHHTeJIbHblX HCTOHHHKOB OITTHHCCKOrO H3JiyHeHHa C He3aBHCHMbIMH 
OCHOBHblMH OnTHHeCKHMH CHCTeMaMH H AOnOJIHHTeJIbHblMH OIITHHeCKHMH SjIOKaMH. 

Oahhm H3 B03MO>KHbix npHMeHeHHH npeAJiaraeMoro H3o6pexeHHH jiBJiJieTCfl m aHiiny jia u;im 
o6beKTaMH BHyTpH pa3JiHHHbix Tpy6oK. ^Jifl npaKTHHecKOH peajiH3ai^HH 3Toro npeAJiaraeTca 

20 HcnojibsoBaTb TpySKH c oiroiHecKH npospaHHbiMH cTeHKaMH. OnTHHecKaa cHCxeMa o6ecnenHBaeT 
3aAaHHoe pacnpeAejieHHe cbctoboh SHeprnn BHyrpH Tpy6KH ? npnneM cbctoboh nynoK mo>kct 6biTb 
copneHTHpoBaH OTHocHTejibHO onTHHecKOH och TpySicH KaK nepneHAHKyjiapHO, TaK h napajuiejibHO. B 
TaKHX cxeiviax bo3mo>kho Hcnojib30BaHHe pa3JiHHHbix npocTpaHCTBei-n-ibix KOH^Hrypai^HH onTHHecKHX 
nyHKOB, b nacTHo cth, njiocKoro nyHKa, pacnojio^ceHHoro nepneHAHKyjuipHo och Tpy6KH ? AByx 

25 njiocKHx nyHKOB, mokay kotopbimh HaxoAHTca oG-beKT, ijHJiHHApHHecKoro onTHHecKoro nynKa hjih hx 

pa3JIHHHbIX KOM6HHau,HH. 

JJjin nepeMemeHHH oS'beKTa baojib och TpySicH npeAJiaraeTca bbccth AonojiHHTenbHbiH 

MOAyMTOp, CB5I3aHHbIH C AOnOJIHHTCJIbHblM OUTHHeCKHM SjIOKOM. IIOCJieAHHH AOJDKeH 6bITb 

BbinojiHeH TaKHM o6pa30M ? htoSbi oGecneHHTb ijHJiHHApmecKyio reoMeTpnio CBeTOBoro ny^Ka c 
30 ceneHHeM b bhac KOJibija h He3aBHCHMOH ijeHTpajibHOH nacTbio. flonojiHHTejibHbiH MOAyJiflTop 

BbinOJIHeH TaKHM 06pa30M 5 HTOSbl 06ecneHHBaTb MOAyJMI^HIO HHTeHCHBHOCTH TOJIbKO B I^eHTpaJIbHOH 

nacTH CBeTOBoro nyHKa, He3 aBHCHMyio ot Mosynsasjm nepH^epHnecKOH KOJibijeBOH nacTH. B cjiyqae 
HcnoJib30BaHH^[ HMiiyjibCHoro HCTO^HHKa 4>yHKu;HH yKa3aHHoro MOAyJiOTOpa cboaotch k ynpaBJieHHio 
BpeMCHHbiMH h 3HepreTHHecKHMH napaMeTpaMH H3JiyneHHK JiHinb b u;eHTpajibHOH nacra nj^HKa. 
35 ^onojiHHTejibHbiH onTHHecKHH Sjiok mo>kct 6biTb BbinojiHeH Taic^ce b bhac onTHHecKoro 

BOJioKHa, KOTopoe 3a4>HKCHpoBaHo b np o CTp aHCTBe c noMombio AonojiHHTejibHoro Aep^caTeJi^ TaK, 
hto6m KOHeu; BOJioKHa HaxoAHJic^i b6jih3h o6i>eKTa. B caMOM Aep^KaTeJie npeAycMOTpeHo 
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AonoJiHHTejitHoe ycrpoiiCTBO ajih nepeABH^KeHHH RepyKareiw BMecTe c bojiokhom b jiioSom 3a£aHHOM 
HanpaBJieHHH. Bo3mo^cho TaK^ce HcnoJii>30BaHHe HecKOJibKHx bojiokoh c p a3 jihhhoh 
np o CTp aHCTB eHHOH opneHTaijHeH hx .zjHCTajibHbix kohljob BOKpyr o6i>eKTa. 

lip e,oy cMaTpHB aeTca Tarc>Ke BapHaHT HaHeceHHH Ha Topeij BOJioKHa norjiomaiomero noKpbrnra 
5 hjih (jDHKcaijHH Ha HeM noraomaiomero H3JiyHeHHe cneimaJibHoro HaicoHeHHHKa. B .npyroM BapnaHTe 
BbinojraeHHfl TOpeu; BOJioKHa HMeeT BorHyTyio noBepXHOCTb h/hjih Ha yica3aHHOH BorHyTOH 
noBepXHOcra HaHeceHo norjiomaiomee H3JiyneHHe noKpbrrae. K Topuy BOJioKHa Mo^ceT 6bm> TaioKe 
npHCTbiKOBaHa aKycTHHecKaa Jinraa c norjiomaiomHM noRpbiraeM na bxoahoh iijiockoh noBepxno cth 

HJIH Ha BblXOflHOH BOTHyTOH nOB epXHO CTH . 

10 THnHHi-ibiM BapHaHTOM peajiH3ar(HH H3o6peTeHHH iiBJi^eTC^ MaHHnyjrajjra ooteKTaMH c 

HCnOJIbSOBaHHeM MHKpOCKOnOB, HanpHMep, C HHBepTHpOBaHHOH OnTHHeCKOH CHCTeMOH. 06-beKT B 

3tom cjiynae Haxo^HTCfl Mex<#y noKpoBHbiMH creKJiaMH hjih cBepxy Ha onxHHe ckh np03pa*iHOH 
uojsjiotkkg. Bee 3JieMeHTbi pacnojioiceHbi Ha CTaH^apTHOM n o,n, b h>khom cTOJiHKe ajui npeijH3HOHHoro 
ynpaBJieHHH nojio>KeHHeM KOTOporo bo3mo>kho Hcnojib30BaHHJi AmoiiCTHKa. 

15 Bo3MO>KeH BapHaHT BbinojiHeHHH, npH kotopom onTHHecKaa cHCTeMa BMecTe c 

AonojiHHTejibHbiM 6jiokom oGecneHHBaeT TaKoe pacnpe^ejieHHe 3HeprHH CBeTa okojio oG-beicra, npn 
kotopom co3,u;aeTC2 nacTHHHoe conpHKOCHOBeHHe nynica c oSbeKTOM b oahoh hjih HecKOJibKHx 
norpaHHHHbix 30Hax hjih KacaHHe no BceMy nepHMeTpy o6-beicra. 

Bo Bcex nepeHHCJieHHbix BapHanrax b KanecTBe cpe,n;bi MoryT Hcnojib30BaTbc^ pa3JiHHHbie no 

20 CBOHCTBaM h cocTaBy norjiomaiomne H3JiyneHHe >kh,e(kocth h/hjih ra3bi ? h/hjih cMecn ra30B, h/hjih 
rejiH, h/hjih SnojiorHHecKHe cpe^bi. B nacTHocTH, AonycicaeTCii cxeivra, Kor,o;a onraHecKaa CHCTeMa 
o6ecneHHBaeT 3aAaHHoe pacnpe,n;ejieHHe H3JiyneHHH BHyTpn cpe#bi THna >khbbix GnojiorHHecKHX 
TKaHen hjih OT^ejibHbix KjieTOK, a b KanecTBe o6"beKTa ncnojibsyeTCii JieKapcTBO h/hjih Kancyjiw c 
jieKap ctbom, BbinojiHeHHbie, HanpHMep, b BH^e jinnocoM, h/hjih pa3JiHHHbie MHKpoHocHTejieft rana 

25 nOJIHCTepOJIOBblX MHKpOC(J)ep C npHCOeflHHeHHblMH K HHM SHOJIOrHHeCKHMH 3JieMeHTaMH ? h/hjih 

pa3JiHHHbie 4^yopecixeHTHbie 30i-mbi ? h/hjih (JjOTOTepMHHecKHe npo6bi. B tom cjiynae Kor^a hcxoahm 
cpe^a He noraomaeT H3JiyneHHe hjih norjioiijeHHe HBJiJieTCJi HacTOJibKO cjia6biM ? hto He nosBOjraeT 
cos^aTb AocTaTOHHbie #jih MaHHnyjnmnn oG'bercraMH rpa^HeHTbi TeMnepaTypbi h ^aBJieHH^, 
Heo6xo,nHMbiH ypoBeHb noraom;eHHJi MO>iceT 6biTb o6ecneneH nyreM BKJiioHeHHH b cocTaB cpe#bi 

30 norjiomaiomnx KOMnoHeHTOB. 3th KOMnoHeHTbi MoryT 6bm> AOCTaBJieHbi b oGnacTb MaHHnyjumHH c 
noTOKOM ra3a hjih >kh,o;kocth 5 npHHeM 3th noTOKH Moryx noAaBarbCii ot cooTBeTCTByiomnx 
AonoJiHHTejibHbix Sjiokob KaK HenpepbiBHO, TaK h AHCKperao bo BpeMeHH, to ecTb OTAejibHbiMH 
nopuHHMH. ^onycKaeTC^, b nacTHO cth, Hcnojib30BaHHe aaposojibHoro noTOKa. CneijHajibHbie 6jiokh 
Ajiji co3AaHHH cooTBeTCTByiomHx noTOKOB Moryr HMeTb pa3JiHHHoe np o CTpaHCTB eHHO e pacnojio>iceHHe 

35 no oTHOHieHHio k onranecKOMy ny^Ky, o6ecneHHBaa,HanpHMep 5 coocHoe hjih nepneHflHicyjnipHoe 
HanpaBJieHne yKa3aHHbix noTOKOB otho chtc jibho och onTHnecKoro nynica h pa3jiHHHyio 
npo CTp aHCTB eHHyio reoMexpnio sthx noTOKOB. 
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rioMHMo MaHHnyji^ijiHH o6teKTaMH b o6i>eMe ra30Bbix hjih 3kh#khx cpe/j H3o6pexeHHe 
AonycKaeT TaioKe ynpaBJieHHe hmh Ha noBepxHoc™ pa3JiHHHbix TBep^bix Ten, rjw nero onTHHecKaa 
CHCTeMa BMecTe c AonojiHHTejibHbiM onTHHe ckhm Sjiokom oGecneHHBaiOT 3a^aHHoe pacnpe^eneHHe 
HSJiyneHHfl b cpe#e, conpHKacaioiii;eHcji c noBepXHOcTbio sthx Teji. B KanecTBe npHMepa TBepflbix Teji 
5 mo)kho OTMeTHTb nojiynpoBo#HHKOBbie h onTmecKHe MaTepnajibi, a b KanecTBe 3a,n;aH co otb eTCTB eHHo 
ynpaBJieHHe o6-beicTaMH HaHOTexHOJiorHH, MHKpo3JieKTpoHHKH 3 GnoTexHOJiorHH, xhmhh, 6HOJiorHH 5 

MeAHI^HHbl H T.n. 

B KanecTBe HCTOHHrnca H3JiyneHH5i mo>kho HcnoJibsoBaTb caMbie pa3Hbie hctohhhkh H3JiyHeHH5i: 
jiaMnbi, CBeTO^HOAbi, Jia3epbi. Mo>kho HcnoJib30BaTb nasepbi, pa6oTaiomHe b HenpepHBHOM pe^cHMe 

10 H3JiyHeHHfl, KOTOpoe MO^yJIHpyeTCa no HHTeHCHBHOCTH c noMombio MOAyJiOTopoB (MexaHHHeCKHX, 

onTHHecKHX, 3JieKTpo-onTHHecKHX, aKycTO-onTHHecKHx ii #p.) b umpoKOM ^Hana30He nacTOT ot 
e^HHHu; Tu; #o coTeH MTu,. IIpe,a;nojiaraeTC5i Taioice Hcnojib30BaTb hctohhhkh HMnyjibCHoro 
HSJiyneHHfl c AJiHTejibHOCTbio HMnyjibca ot 10 ceic ao 10~ 15 ceK. IIpH stom, ecjiH 3to Heo6xoAHMO, 

BBOAHTC5I flOnOJIHHTeJIbHblH 6jIOK, COeAHHeHHblH C 3THMH HCTOHHHKaMH H o6ecneHHBaK)UJHH pe>KHM 

1 5 noBTopeHHfl oTAejibHbix HMnyjibcoB b #nana30He ot eAHHHH, Tu, ao cotch MTu, h #a>Ke eAHHHu; ITu;. B 
KanecTBe noAoGHbix hctohhhkob Moryr Hcnojib30BaTbca MHorae H3BecTHbie ra30Bbie ? 
TBepAOTejibHbie, nojiynpoBOAHHKOBbie Jia3epbi h Jia3epbi Ha KpacHTerax, paGoTaiomHe b HenpepbiBHOM 
h HMnyjibCHbix pe>KHMax (HMnyjibCHbiH asoTHbiH Jiasep, nojiynpoBOAHHKOBbie Jiasepu, pa6oTaiom;He b 
6jiH>KHeM HH(J)paKpacHOM AHana30He, HeoAHMOBbift Jia3ep (nepBaa ii BTopaa rapMOHHKa) , rojibMHeBbifi 

20 h 3p6iieBBie Jia3epbi 3 Jia3ep Ha can<J>Hpe, py 6hho b bih Jia3ep, Jia3ep Ha yrneKHcnoM ra3e c 
MaKCHMajibHbiM Ha6opoM xapaKTepHbix Rim oTMeneHHbix Jia3epoB ajihh bojih). 

Cpe^a MO^CeT HaXOAHTbCJI B KOHTeHHepe C OAHOH HJIH HeCKOJIbKHMH np03paHHbIMH CTeHKaMH. 

HanpHMep, sto mokct Sbitb ai<y cxiine c khh pe30HaTOp uh ji hh ap hh e cko h cf)opMbi hjih HMeiomHH 
4>opMy napaujiejienHneAa. Bo36y>KAeHHe pe30HaT0pa MoaceT ocymecTBJiaTbCfl 3a cneT noraomeHHJi 
25 H3JiyneHHii b c o otb eTCTByiomnx noraomaiomnx MHineHHHX BHyrpH KOHTeHHepa hjih Ha noBepxHoc™ 
ero CTeHOK. 

TaKHM o6pa30M 5 npe^JiaraeMoe ycipoHCTBo b otjihhhc ot npoTorana no3BOJiaeT oSecneHHTb 
MaHHnyjiaiiiHio n p o CTp aH ctb ei-iH bi m nojio>KeHHeM nacTHii;, He3aBHCHMO ot hx onTHHecKHX cbohctb 6e3 
hx noBpe^eHHa onTHHecKHM H3JiyneHHeM. Ochobhbim ero otjihhhcm ot pa3JiHHHbix BapnaHTOB 

30 onTHHecKHX mnnupB flBjraeTca to, hto cbct HcnojibsyeTCH He ajih co3AaHHK rpa^HeHTHbix onTHHecKHX 
chji H3-3a AaBJieHHH caMoro cBeTa, a rjiz co3AaHHJi TepMHHecKHX h aKycTHnecKHX rpa^HeHTOB, 
HMnyjibCHoe hjih nepHOflHnecKoe AeiicTBiie KOTopbix Ha oGteicr npHBo^HT nocjieAHHH b ABKaceHHH. 
Bo Bcex BapnaHTax onTHHecKHX mHnn;oB 5 o^hh H3 KOTopbix B3OT 3a npOTOTHn, Hcnojib3yeTC3i 
HenpepbiBHoe H3JiyneHHe na3epoB 6e3 ero MOjiyjiHi^HH. B ^aHHOM H3 o 6p eTeHHH npeflJiaraeTca 

35 HcnoJib30BaTb KaK HMnyjibCHbie hctohhhkh, pa6oTaiomHe b poiaiMe noBTopen™ HMnyjibcoB c 
Heo6xoAHMOH nacTOTOH, TaK h hctohhhkh HenpepbiBHoro H3JiyneHHii 3 KOTopoe MO,oyJiHpyeTCK no 



13 

HHTeHCHBHOCTH £JI5I C03^aHH5I IiepHOAHHeCKHX TepMHHeCKHX H aKyCTHHeCKHX BOJIH, B03fleHCTByiOIIJIIX 

Ha o6pa3eu;. 

Hctohhhkom aKycTHHecKHx rpaAHeHTOB Moryx Sbitb pa3JiHHHBie (J)H3HHe CKHe ^BjieHH^ Taicne, 
KaK norjiomeHHe, SJieKTOCTpHKima, onTMecKHH npoooii, o6pa30BaHHe njia3Mbi ? KorepeHTHoe 
paivraHOBCKoe paccejiHHe h t. n.(cM. HanpHMep[20]). HanSojiee yHHBepcajibHbiM h He xpeGyioimiM 
cyuj;ecTBeHHBix 3HepreTHHeciarx 3aTpaT jiBJiseTCJi (J) oto -aKy cthhcchh a^^eKT, B03HHKaiomHH b 
pe3yjitxaxe noraomeHUfl wsjiyHemw h nocjie^yioiu;ero pesKoro paciirapeHHH HarpeToro ii3JiyneHneM 
oSteMa. Bo3HHKaiomee npH stom H3MeHeHHe oGteivia h CMemeHHe HarpeToro cjioji iiphboaht k 

(})OpMHpOBaHHIO 3HaHHTeJlBHBIX MexaHH^eCKHX CHJI, n03BOJI5IIOIB(HX 3HaHHTeJIbHO yCKOpHTB Majibie 

HacTHqbi, HaxoAjmjHeca iio6jih30Cth ot Jia3epHoro nyHKa, Taic hto ohh Moryr npojieTeTB ^a>ice 
HecKOJiBKO MeTpoB. ,Z3aBJieHHe b6jih3h ccjDOKycHpoBaHHoro JiasepHoro HMnyjibca, HanpuMep, npn 
onTHHecKOM npo6oe b Bo#e npn AJiHTe jibho cth HMiryjibca nop^Ka nHKoceKyHA MoaceT 6bm> BecbMa 
cynnecTBeHHbiM (ao Tbic^H aTMOc^ep [21]). Ho jxsm peinemra AaHHOH 3a^aHH AOCTaroHHO hmctb 
HaMHoro MeHbinee AaBJieHHe, peryjiHpOBKa KOToporo B03Mo>KHa 3a cneT njiaBHoro H3MeHeroDi 
3HepreTHHecKHx napaMeTpoB Jia3epa ? hto no3BOiuieT b cboio onepe^b m aHHiryjiHp oBaTB ABKDKeraieM 
oGteKTOB b innpoKOM AHana30He cKopocTen, oco6eHHo npn Majibix CKopocrax. PacnpocTpaHeHHe KaK 
caMHx aKycTHHecKHx bojih, TaK h conyrcTByion^HX aKy CTHHe ckhx noTOKOB, h nocjie^yiomee hx 
B03£eHCTBHe na GHooG-beKT npHBO^HT ero b ^Bn>iceHne noA AeMcTBHeM KaK chji aKycTHHecKoro 
AaBJieHHs, TaK h b pe3ynbTaTe BOBjienemw: ero b ABimeHHe aKycraHecKHMH MHKp onoTOKaMH . 
TeMnepaTypbi b oSjiacTH noraomeHHfl MoryT 6bitb hcbwcokhmh (nop^Ka AecaTbix h e^HHHEt rpa^yca 
Upjibcim). B npHHU,Hn TaKHe TeMnepaTypbi He npHBOAHT k noBpe>KAeHHK> SnojiorHHecKHx CTpyKTyp. 
KpoMe Toro, b npeflJiaraeMOM y CTp ohctb e rpa^HeHTbi TeMnepaTypbi cj)opMHpyioTCfl He b caMOM 
oS'bercre, a iio6jih30cth ot Hero. B npoTorane Hcno;ib3yeTCH HenpepbiBHoe H3JiyHeHHe moh^hoctbio ao 
coTeH mBt, KOTopoe npn chjibhoh 4>OKycHpoBKe Henocpe^CTBeHHO Ha 6noo6*beKT (KJieTKa, 6aKTepH5i h 
T.n.) bo mhothx oirynaax MO>iceT BH^OM3MeHHTb ero cTpyicTypy h npiiBecTH k ero noBpe^eHHio. 

Oahoh H3 oco6eHHocTeH npeAJiaraeMoro H3o6peTeHHH sibjisiqtcsi Hcnojib30BaHHe npepbiBHCToro 
noTOKa H3JiyHeHH*i ? $opMHpyiomero nepHOAHnecKoe AeiiCTBHe rpa^HeHTOB flaBJieHmi. HanSojiee 
3c|)(J)eKTHBeH pe>KHM reHepaijHH AaBjiemifl npn Hcnojib30BaHHH HMiryjibCHoro H3JiyneHHH b urapoitOM 
AHana30He A^HTejibHOCTefi ot MHJiJiHceKyHA ao nHKoceKyHA h Aaace 4>eMTOceieyHA ? npH kotopom 
xeMnepaxypa b o6jiacTH B3aHMo^eHCTBHH H3JiyHeHH5i oraocHTejibHo Marra, a BemrqiiHa B03HHKaiomero 
AaBJieHra AOCTaTOHHo BejiHKa. O^HaKO AaBJieHHe Mo>iceT 6biTb cosAaHo 3a cneT Mo,nyji5mHH moiuihocth 
HenpepbiBHoro H3JiyHeHHii b innpoKOM AHana30He nacTOT ot e^HHHij; Ti^ ao HecKOJibKHx rri^. C tohkh 
3peHHH pa3yMHoro KOMnpoMHcca Moiety 34)4)eKTHBHOCTbio npeo6pa30BaHHH cbctoboh 3HeprHH b 
aKycraHecKyio h npocTOTOH xexHiinecKOH peajiH3an;HH HanSojiee np e^noHTHTe JibHO Hcnojib30BaHHe 
yjibTpa3ByKOBoro (Y3) AHanasoHa nacTOT(nopiiAKa 10-50 kTh;). 

TaKHM o6pa30M 5 na3ep b AaHHOM pemeHHH Hcnojib3yeTCK ahji reHepai^HH Y3 KOJieSaHHH, 
KOTopbie moxcho Hcnojib30BaTb AaJiee b cxeMax, 6jih3khx k "Y3 nHHutexy" [14-17]. Co3AaHHe c 
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noMombio MHKpoonTHHecKHx CHCT6M pacnpe,n;ejieHHfl cBeTa, 6jiH3Koro k reoMeTpHH 

MHKpoaKyCTHHeCKHX JIHH3, n03BOJIHT o6ecneHHTb (|)OpMHpOBaHHe Y3 KOJie6aHHH C OHeHb MaJIOH 
#JIHHOH BOJIHbl, TeOpeTHHeCKH flatfce MeHBIIIGH, HQM HCnOJIB3yeMafl #JIHHa BOJIHBI CBeTa. 

IIpeHMyiutecTBOM Taicoro MeTOAa reHepaijHH Y3 bojih ^bjlsctck JierKOCTb np o CTp aHCTB eHHO ro 
5 nepeMeiu;eHHji HCTOHHHKa reHepanira sthx KOJieSaHHH b burs onraHecKoro H3o6pa>Kemra 

aKyCTHHeCKHX JTHH3, HQTQ JIHIHeHBI HHCTO aKyCTHHeCKHe CHCTeMBI (|) OpMHp OB aHHH Y3 BOJIH. TaiCHM 

o6pa30M ? b c o otb gtctb hh c npetfJiaraeivibiMH cxeMaMH, bo3mo>kho co3^aHHe " (J) OToaKy CTHne ckhx (<DA) 
nHHi^eTOB", KOTopBie b 3aBHCHMOCTH ot aKycTHHecKHX KOHCTaHT nacTHij; Gyayr HJIH npHT^rHBaTB HX K 
o6jiacTH <J)OKycHpOBKH Y3 KOJie6aHHH (pa3HOCTB ueyKjsy npOHSBe^eHHHMH njiOTHOcra Ha cKOpocTb 
10 3Byica b OKpy>icaiomeH nacTiiuy cpe^e h caMOH HacrauBi nojio^cHTejiBHaa) hjih BBiTajiKHB aTB nacTHijbi, 
ecjiH yica3aHHafl pa3HOCTB OTpHtjarejibHa. IIpHMepoM nepBBix nacTHu; jibjijiiotc5I ra30BBie 

MHKpOiry3BIpH 3 IipHMCpOM BTOp&IX- HBJI5IK)TCfl M eTaJIJI HH Q C KHG H nOJIHCTepOJIOBbie IIiapHKH HJIH 
OTOeJTBHBie KJieTKH. IlpOIIIie BCerO C03/jaTb C nOMOIIJbK) OOTHKH IJHJIHHApHHeCKHe OA JIHH3bI., XOT5I H 
npH C03AaHHH BOrHyTBIX c4>epHHeCKHX JIHH3 He AOIDKHO B03HHKaTb npHHLI.HnHaJIbHBIX TpyOTOCTeH. B 
15 HaCTHOCTH, MO)KHO HCnOJIB30BaTb HaJIOtfCeHHe AByX HiHJIHHApHHeCKHX JIHH3 C B3aiiMHO 

nepneH^HKyjiiipHbiMH ocmh. B cjiynae CHJibHO norjionjaiomeH cpe^bi AOCTaTOHHO JierKO co3AaTb 
aKycTHHecKyio jiHH3y Ha noBepxHoc™ ^kh^kocth sa cneT np o CTp aHCTB eHHoro pacnpeAejiemui 
HHTeHCHBHOcra CBeTa b nonepeHHOM ceneHHH nyHKa, HanpHMep, c mhh HMy m o m hhtchchbhocth b 

I^eHTpaJTBHOH HaCTH. 

20 HHTepecHO otmcthtb, hto b npHHUinne mokiio Hcnojib30BaTb h HeMOAyjrapoBaHHoe 

HenpepbiBHoe H3JiyneHHe, KOTopoe b CHJiy HarpeBa ^ch^kocth MoiceT npHBecra k TenjioBOH kohbckuhh 
b6jih3h JiasepHoro nyHKa. 3th MHKpOKOHBeKijHOHHbie noTOKH Moryr bobjichb b n,BH>KeHHe 
AocTaTOHHO JierKHe Majibie nacTrajbi. Oco6eHHo npocTO sto mo>kho peajiH30BaTB npn BepTHKajibHOM 
pacnojio>KeHHH onraHecKoro nyHKa uHJiHHflpHnecKOH reoMeTpHH, npn kotopoh TenjioBOH noTOK 

25 6y^yT notfHHMaTb HacTHijbi BBepx, a AonojiHHTejibHaa Mopynsnxux hhtchchbho cth 6y,n;eT y,n;ep>KHBaTb 
nacTHi^bi b npe^enax stoto nyHKa H3-3a aKycTHHecKHX bojih, B03HHKaiomHX b "cTeHKax" 
UHJTHH^pHHecKoro nyHKa. O^HaKO H3-3a ^ocTaTOHHO BbicoKoro Harpesa ^khakocth 3to MoiceT 6biTb 
He6e3onacHO Rim Snoe^eKTOB. 

KaK oTMeneHO Bbinie, chjim rpa^neHTHoro AaBJieHHfl 6y#yT b SojiBiiiHHCTBe cjiynaeB 

30 BBiTajiKHB aTb nacTHiiy, a He npnrarHBaTb ee. IIo3TOMy ajia ^HKcai^HH np o CTp aHCTB eHHoro 
nojio>KeHH5i TaKHX HacTHu, OTrajiKHBaeMbix CHJiaMH aKycTHHecKoro AaBneHHii, Tpe6yeTCH co3,n;aHHe 
aicycTHHecKHx rpaaHeHTOB, pacnpeAeneHHbix AHCKperao hjih paBHOMepHO BOKpyr Hacraiiibi. B 3tom 
cjiynae mokho ncnojib30BaTb y>ice H3BecTHbie pemeHHa no 4>opMHpoBaHHio HecKOJibKHX cbctobbix 
nyHKOB BOKpyr o6i>eKTa 5 KaK MHHHMyM Tpex, hjih cnnouiHoro KOJibi^a, hto paHee 6buio npeAJio^KeHo 

35 ajih onranecKHX nHHij;eTOB [18-19 ]. E[oAo6Hbie cxeMbi ? HanpHMep, b KOTopbix ncnojibsyioTCH 

^HCjipaKUPlOHHBie 3JieMeHTbI HJIH CHCTeMbl OTfleJIbHblX OnTHHeCKHX 3JieMeHTOB, MOiyr C HeGojIbHIHMH 
MOflH(|)HKaUHHMH HCnOJIbSOBaTBCH H B ^aHHOM H3o6peTeHHH. O^HaKO IipH 3TOM OHH OCHOBaHbl Ha 
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coBepineHHO Apyrax no c|b H3 hh e c ko h cymHOcra h MexaHH3My sdpdpeKTax, c #pyrHMH HCTOHHmcaMH 
cBexa h pe>KHMaMii hx pa6oTBi. 

OTJiHHHe npeAJiaraeMoro H3o6peTeHHfl ot aHanoroB, b KOTopbix Hcnojib3yiOTCii 3 HanpHMep, 
TepMH^ecKHe 3<i><f>eKTbi ajih yAajieHHii nacTHu; c noBepxHocTH noAJio^KeK [5 ] 5 3aKJiioHaeTCJi b tom 3 hto 
5 b HacToameM H3o6peTeHHH TepMHHecKHe rpa^neHTbi co3^aioTCJi b6jih3h oahhohhmx o6i>eKTOB 6e3 
Henocpe,u;cTBeHHoro hx oGjiyneHHii. TaKHM o6pa30M, oTcyrcTBy eTHeo 6xo ahmoctb KOHTaKTa o6teKTOB 
c AonojTHHTejibHOH noBepxHOCTBK). B OTMeneHHOM aHajiore oSjryneHHio noABepraeTCii caM o6i>eKT h 
Tpe6yeTC^ ero KOHTaKT c noAJio>KKOH, hto6bi pe3Koe TenJiOBoe pacninpeHHe Hacraiii, HHAyiJHpoBaHHoe 
JiasepHbiM H3JiyneHHeM ? no3BOJiHJio co3Aarb ycKopeHiie, npeoAOJieBaiomee chjim cijenjieHHfl nacTHijbi c 

10 no£Jio>KKOH. fljiii 3Toro Heo6xoAHMO Hcnojib30BaTb 3HaHHTejibHyio 3Heprmo Jia3epHbix HMnyjibcoB, 
npHBOA^myio Ra>KQ k pacnjiaBJieHHio MeTajimraecKHX nacTHij. TaKHM o6pa30M b aHanore h Apyrnx 
noAo6Hbix y CTp ohctb ax Hejn>3fl ynpaBJiATb nojio^tceHHeM nacTHijbi. h, KpoMC Toro, npeAJio^KeHHbie 
MexaHH3Mbi ycKoperora Tpe6yioT bbicokhx 3HeprriH 5 npHBOA^mnx k noBpe^eHHK) caMoro oGteKTa. 

ffjm co3AaHHH aKycTHHecKHX bojih b npe^JiaraeMOM H3o6peTeHHH Hcnojib3yeTCii 3(j)c|)eKT 

15 norjiomeHM H3JTyneHH5i b cpe^e, HenocpeACTBeHHO OKpyxcaiomeM o6i>eKT. ITpiiMeHHTejibHO k 
Ghojiothh h Me^HUHHe b KanecTBe TaKOH cpeAti o6bihho Hcnojib3yeTca BOAa hjih apyrae 
(J)H3HonorHHecKHe pacTBOpHTejiH. Bo^a b bhahmoh oSjiacra 400-700 hm oGjia^aeT OTHOCHTejibHO 
MajibiM noraomeHHeM nopaAKa 10" 3 cm" 1 , TeM He MeHee Bnojrae AocrraTOHHbiM ajih reHepaijHH 

3HaHHTCJIbHbIX aKyCTHHeCKHX 3(|)(|>eKTOB npH HCnOJIb30BaHHH Jia3epHbIX HCTOHHHKOB H3 JiyHCHHH [2 0 ]. 

20 KpoMe Toro, bo3mo>kho Hcnojib30BaHHe JiasepoB VO (a30THoro 5 SKCHMep hbix h T.n.) h HK AHana30Ha 
(nojiynpOBOAHHKOBbie, HeoAHMOBbra , rojibMHeBbiH, 3p6neBbiH h Ap.)> TOe norjiomeHHe boabi h 
Apyrnx pacTBopHTejien HecKOJibKO 6ojibine. B KanecTBe onTHHe ckhx cxeM mo^cho BOcnojibsOBaTbca 

CymeCTByiOmHMH MHOTOHHCJieHHblMH peHieHHJIMH, peaJIH30BaHHbIMH B HHB GpTHp OB aHHBIX 

MHKpocKonax, HanpHMep, HMMep CHOHHyio onraKy, a Taioice KOMMepnecKH ocBoeHHbix onTHHe ckhx 
25 nHHi^eTax( mnnijax) [4 ] h cHCTCMax jia3epHoro MHKpopacceneHHfl 6noo6pa3ijoB h hx 

KaTanyjibTHpoBaHHH [9]. 

JJjokq b npocTeMnieM cjiynae oahoto nynica cBera, c^oKycnpoBaHHoro pwM c oSteKTOM, 

mo>kho ynpaBJiiiTb KaK CKOpocrbio, TaK HanpaBJieHHeM RBrnKemw HacTHijbi 3a cneT nepeMemeHHfl 

CBeTOBoro raraa BOKpyr o6*beKTa. Ilpn stom noABOA 3HeprHH MoiceT 6biTb ocymecTBJieH c noMoui;bio 
30 onTHHecKoro BOJioKHa. IIocjieAHee mokct Hcnojib30BaTbCJi KaK TpaAHu;HOHHoe ycTponcTBO flM 

M CXai-IIi H e C KO H KOHTaKTHOH MaHHnyJl^UiHH C HaCTHUeH B OTCyTCTBHH H3JiyHeHHH 3 TaK H B 

aKycTHMecKOM pe>KHMe ynpaBJieHHJi npn BKJiioHeHHOM na3epe. IlpH Bbi6ope HCTOHHHKa c cHJibHbiM 
norjionj;eHHeM H3jryHeHH* b cpeAe, aKycTHHecKHe bojihbi co3AaioTC5i Heno cp e actb chho Ha BbixoAe 
BOJioKHa, TaK KaK HSJiyneHHe nornomaeTCH b HeGojituioH oGjiacra, npiiMbiKatomeii k Topny BOJioKHa. 
35 TTpii OTHOCHTejibHO cjiaSoM noraomeHM - j\jm co3AaHH^ Heo6xoAHMbix aKycTHHecKHX bojih 
HcnoJib3yeTca hjih norjiom;aK)H];He noKpbiTHe Ha Topije BOJioKHa, hjih Ha nocjieAHHH HaAeBaeTca 
cneuHajibHbiH cnjibHO norjiomaiomHH HaKOHeHHHK. 
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y#o6Hee ynpaBJiflTt ABHxceHHeM nacTHijLi npH ^OKycnpoBKe H3JiyneHHH c noMomtio 

IJHJIHHApHHeCKOH JIHH3BI B CBeTOBOe IlflTHO B BH#e JIHHHH HJIH C nOMOIU,bfO Cnei^ajIBHOH 

c^epouHJiHimpHHecKOH onraKH b imtho b BHAe cepna. OuKcamm nojio^emui AocraraeTCH, k&k y>Ke 
OTMenajiocB, 3a cneT co3AaHHH cBeTOBoro pacnpeAejieHHfl b BH#e OTAejiBHbix rorreH hjih KOJibija 
5 BOKpyr nacTHUbi. npH stom pa^iiyc TaKoro pacnpeAejieHHii MOiceT MerorTbca b 3 aBHCHMO cth ot 
pa3MepM nacTHijbi hjih hcckojibkhx Hacrau;, KOTOpbie Moryr Slitb 3axBaneHbi BMecTe. rioAoGHaa 
cxeMa yAoSHa ajm ynpaBjieHHfl nacraijaMH b njiocKOCTH, HeKOToptiM npnojiiDKeHHeM KOTopon 

HBJIHeTCH 06beM MOigiy AByMfl nOKpOBHBIMH CTeKJiaMH MHKpOCKOna. IIpH 60JIMIIOM paCCTOHHHH 

Me>K^y 3thm CTeioiaMH, to ecTb npn HeoSxoAHMocTH ynpaBJieHHa b o6teMe 3 Heo6xoAHMo 
10 HcnoJib30BaTE» ABa nyHKa ? HanpaBjieHHbix noA yrjioM Apyr k Apyry. BejiHHHHa 3axBaTa nacTHip>i 
3aBHCHT ot yrjia MOK^y nynicaMH h MHHHMaJiBHa npn B3aHMHO-nepneHAHKyjttipHOH opHeHTau.HH 
u;HjiHHApHHecKHX nyHKOB. nepeceneHHe 3thx ijhjihhapob co3Aacr 30Hy b oGjiacTH nepeceneHHH, b 

KOTOpOH HHTeHCHBHOCTB OTCyTCTByeT HJIH MHHHMaJiBHa. HaCTHIja 3aXBaTbIBaeTC5I TaKOH 

CBOeo6pa3HOH CBeTOBOH JIOByiHKOH, CTeHKH KOTOpOH nOCTOflHHO H3JiyHaK)T aKyCTHHeCKHe HMIiyJIbCbl, 

15 h nepeMemaeTCH b Tpe6yeMOM Hanp aB JieHHH . EEpn Heo6xoAHMOCTH ctbikobkh oahoh nacTHijbi c 
ApyroH, b MOMeiiT cSjiiraceHHJi Hacraijbi b cbctoboh jioByniKe c Apyroii HacTimeii H3JiyneHHe Ha 

KOpOTKHH MOMeHT BblKJIIOHaeTCfl RJIX TOTO, HTOSbl AaTb B03MO>KHOCTb HaCTHIjaM BOHTH B 

conpHKOCHOBeHHe, Taic Kaic npH BKJHoneHHOM H3jryqeHHH BTOpaa nacraija mo>kct oirajiKHBaTbCfl 
aKycTHnecKHMH HMnyubcaMH ot 6jiH>KaHineH nacTH cBeTOBOH JioByniKH. O^na Taicafl JioBymKa MO>iceT 
20 y^ep^cHBaTb ABe hjih 6oJibine nacTHit BHyTpH Heo6jiynaeMoro oG^eMa.. 

Co3AaHHe AByMepHoro hjih TpexMepHoro TeMnepaTypHoro pacnpeAejieroiH b cpeAe, HanpHMep, 

6HOTKaHH, n03BOJIHT ynpaBJMTb ABBDKeHHeM He TOJIbKO OTAeJIbHblX HaCTHLJ, HO H Me JIKO AHCnep CHbIM 

BemecTBOM h neKapcTBaMH. HanpHMep, TaicHM o6pa30M mo>kho ynpaBJMTb nojio^ceHHeM Majion 
Kancyjibi, b nacTHOCTH jinnocoMOH, c JieKapcTBOM BHyrpn r&>kq oahoh KJieTKH. Co3AaHHe 

25 TeMnepaTypHoro hjih aKycraHecKoro rpaAHeTa b cpeAe no3BOJiHT ynpaBjniTb TpaHcnopTOM jieKapcTB 
b SHOTKaroix h HanpaBJiOTb ero b Hy>icHyio soHy (MHineHb). Oahhm H3 MexaHH3MOB TaKoro ynpaBJiemra 
^BraeTCH HanpaBjieHHaji TepMOAH<|)(J)y3H5i. 

CjieAyeT OTMeTHTb, hto b npeAJiaraeMOM H3 o 6p eTeHHH OTcyTCTByioT >KecTKHe Tpe6oBaHHS k 
KanecTBy onraHecKoro nyHKa, TaK KaK Tpe6yeTca co3AaTb no cymecTBy tojibko TepMHHecKHH 

30 rpaAHeHT p^om c nacTHijeH. KpOMe stoto, AonycKaeTca HeSojitmoe oSjiyneHHe caMOH nacTHijbi 
KpbuiOM CBeTOBoro nyHKa, moiahoctb KOToporo 3HaHiTrejibHO MeHbine moiahocth n3JiyneHHH b6jih3h 
i^eHTpa CBeTOBoro nnraa. Oi^chkh noKa3biBaioT 3 hto rjul cjiynan npocTefimidX AocTaTOHHo Jiericnx 
6HOJiorHHecKHx o6teKTOB 3HepreTHHecKHe napaMeTpti H3JiyHeHH5r GyAyT Menbiue anajiorHHHbix 
napaMeTpoB Jia3epoB 5 y>Ke ninpoKO HcnoJitsyeMbix b onTHHecKirx CBeTOBbix nHHijeTax. 3to 03HanaeT 5 

35 hto b npeAJiaraeMOM H3o6peTeHHH ? BO-nepBBix, oTcyrcTByeT onacHOCTb noBpe^cAeHHa npH cnynaHHOM 
nonaAaHHH H3JiyneHHii Ha nacTHiiy, bo-btopbix ? noiiBJi^eTCH bo3mo^khoctb HcnojiB30BaTB jijin 
nepeMeiu,eHH5i HacTHu; 3^4 }eKT nacTHHHoro acHMMeTpHHHoro ee pacinnpeHHa npn o6jiyneHHH tojibko 
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He6oJIbIHOH 30HBI HaCTHIJbl B6JIH3H ee rpaHHE(BI H 5 B-TpeTbHX, B03M03KHO COBMeCTHOe HCnOJIBSOBaHHe 

npe^jiaraeMoro H3o6peTeHHH c joice cymecTByiomiiMH onTHnecKHMH nnHi^eTaMH. B nocjie^HeM cjrynae 
AJifl peajTH3auHH npe^naraeMOH cxeMbi Heo6xoAHMo GyneT o6ecneHHTt jihuib AonojiHHTejibHyio 
MO^yjiMuriK) jiasepHoro nynKa. YnpaBJieHne ABEDKemieM nacTHL^bi 3a cneT ac hm m eTp it°lh o r o 
5 TenjioBoro pacnrapeHHa tojibko He6ojibiHOH oGjiynaeMOH nacra ee noB epxHO cth HMeex 
npeHMymecTBO no cpaBHerano c H3BecTHbiMH 6jnoKaHiiiHMH peniemiaMH^, 9], xaic icaic B03AeMcTBHe 
ho cut Hepa3pyniaK)mHH xapaKTep h mo>kho ruiaBHO ynpaBJiOTb HanpaBJieHHeM nepeMememra 3a cneT 
nepeMemeHHii cBeTOBoro raraa no nepnMeTpy qacTHUbi. TaKHM oSpasoM, bo3mo>kch pexciiM, npn 
KOTOpOM HSJiyneHne HanpaBJiaeTca tojibko Ha Kpan qacTHmbi, KOTOpaa b pe3yjibTare He6ojibinoro 
10 i-iarpeBa h conyTCTByioiAHx 3(J)$eKTOB pacniHpeHHH hjih paAHaijHOHHoro AaBjieHHfl npHXOAHT b 
ABKKteHHe. 

fljiH yflo6cTBa paSora h onpe^ejieHHH nojiomeHira CBeTOBoro naraa H3JiyneHHfl MoxceT 6biTb 
BBe^eH npo6HbiH nynoK H3JiyHeHHii bhahmoto AHana30Ha 5 coBMemaeMbiH c ochobhbim nyHKOM. TaKaa 

CXeMa nOJie3Ha RIM nepBOHaHaJIbHOH lOCTHpOBKH B OTCyTCTBHH pa60TbI OCHOBHOrO HCTOHHHKa HJIH 

1 5 Kor^a H3JiyHeHHe nocjie^Hero hcbhahmo rsix rjia3a 5 Hanpnivrep, KorAa oho Jiexcnr b HH(]}paKpacHOH hjih 

yjibTpa(J)HOJieTOBOH o6jiacTH cneKTpa. 

TaKHM o6pa30M ? npeAJiaraeMoe H3o6peTeHHe ^BJiaeTC^ 6onee yHHBepcajibHbiM, t.k. noflBJiaeTCfl 

B03MO>KHocTb ynpaBJieHira nojioiceHHeM jhoSbix nacTHii; He3aBHCHMo ot hx onxHHecKHX 

xapaKTepncTHK, npnneM ^eMcTByiomyio CHJiy, a, cjieAOBarejibHO., BejiHHHHy h cKopocra nepeivieineHiM 
20 HacTHii, mo>kho aobojibho npocTO peryjiHpOBaTb, Mei-iei-mH 3HepreraHecKne napaMeTpbi HcnoJibsyeMbix 

hctohhhkob. Eojiee Bcero noAXOAHT rjiz 3Toro jia3epHbie hctohhhkh, xoth, b npHHijHne, MoryT 

HCnOJIb30BaTbCH H o6bIHHbie HCTOHHHKH, B TOM HHCJie JiaMnbl, KOTOpbie MOryT 6bITb JierKO BCTpOeHbl B 

cynjecTByiomHe MHKpocKonbi. IToAo6Hbie cxeMbi Moryn,T 6biTb Hcnojib30BaHbi ajia 4 > °P MH P OBaHHa 
npocTpaHCTBeHHoro pacnpeAejiemui CBeTa b pesyjibTare, HanpHMep, HHTep^epeHijHOHHbix 3(|)<|>eKTOB. 
25 KpaTKoe onncanne ^nryp HepTeHcei*. 

Oht. 1 OSmaa cxeMa ycTpoficTBa. 

Ohi\2 CxeMbi c pa3JTHHHOH np ocTpaHCTB eHHOH reoMeTpHeS CBeTOBoro ny^Ka: a- oahh nynoK 
KpyrjiOH b ceneHHH cjDopMbi ; b-OAHO CBeTOBaa nojiocKa (jihhha) ; c- cBeTOBOH cepn hjih Ayra 
o Kpy >kho cth ; d- oTAejibHbie cBeTOBbie nynicn BOKpyr oG'beKTa ; e-KOJibiteBaji <|>opMa CBeTOBoro nyHKa; 
30 f-nacTHHHoe nonaAaHHe CBeTOBoro ny^Ka Ha oS-bercr; g-KOM6HHaijHJi AByx hjih 6ojiee CBeTOBbix 
nonocoK; h-KOMOiiHauHH CBeTOBbix Ayr (hjih cepnoB). 

Oht.3 CxeMbi MaHHnyjiaijHH oGteKTaMH (nacTHuaMH) c noMoiAbio (|) oto aKy cthhc c khx (<DA) 
jihh3: a-onTHHecKoe H3o6pa»ceHHe KpHBOJiHHeHHofi jihh3bi; b- OA JiHH3a c reHepaijHeH Y3 ko jie 6 aHHH 
Ha bxoahoh noB epXHo cth, c- OA jiHH3a c reHepaijHeH Y3 KOJie6aHHH Ha noBepxHocTH mhkpojihh3bi; 
35 d- OA jiHH3a Ha noBepxHOcra norjioiu,aiomeH ^khakocth; e-jiHHefiica OA jihhs. 

Onr.4 CxeMa onTHHecKOH MaHHiiyji^HH MHKp o o 6t> eKTaMH c noMombio onTH^ecKoro BOJiOKHa: 
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a-oSmaa cxeMa; b- cxeMa c norjioirjaiomHM noKpBiTHeM Ha Topije BOJiOKHa; c- cxeMa c 
AonojiHHTejiBHBiM HaKOHeHHHKOM; d- onTHnecKoe bojiokho c <|>OToaKycTHHecKOH JiHHSOH Ha Topije; e- 
onTHHecKoe bojiokho c cj) oxoaKycxixnecKOH Haca^KOH. 

Onr.5 CxeMa ohtobojiokohhoh (cBeTOBOAHoii) «KJieTKH». 
5 <Dhi\ 6 CxeMa (f>OTaKycTHHecKoro/c|)OTOTenjioBoro OTpBraa HacraijBi ot no^Jio^ECKH. 

Our. 7 CxeMa CBeTOBOH JioByiHKH («KJiexKH») c RByua qHJiHHflpmecKiiMH nyHKaMH (noKasaHo 
hx oceBoe ceneHHe ). 

OlXT. 8. CxeMbI C OflHHM U,HJIHH^pHHeCKHM IiyHKOM («OA TyHHejiB»): a- HCnOJIB30BaHHe 

BepTHKajiBHtix KOHBeKii.HOHHbix noTOKOB; b-HcnojiB30BaHHe tfonojiHHTejitHoro ijeHTpanBHoro 
10 nynKa./yia oceBoro ycKopemui 
o6teKTa. 

<Dnr. 9. YnpaBJieHHe £BH>KeHHeM oSteKTa b Tpy6ax. 

<Dhi\ 10 HcnojiB30BaHHe AonojiHHTejiBHoro noTOKa norjionjaiomero ra3a hjih ^chakocth: 

Onr.ll VnpaBneHHe oSteicraMH nocpe^cTBOM cBeTOHH^ijHpoBaHHBix MHKponoTOKOB h 
15 MHKpocTpyM. 

Our. 12 MaHHiryjiimira oGteicraMH Ha noBepxHocTH ^KH^KOcxeH. 

<Dnr.l3 CBeTOHHAyAHpoBaHHaa HanpaBjieHHaa TemiOBaii KOHBeKima. 

Oht. 14 OnToy JiBTp a3By kob an m an Hny jihujih o6x>eKxaMH b pesoHaHCHOH KaMepe. 

Owr. 15. nojio>Kei-iPie Hacraij #o (a) h nocne (b) B03,n;eHCTBH)i HMiryjiBCHBiM jia3epoM. 
20 <Dwr ITojio^ceHHe nacTHH; ro (a) h nocjie (b) onTmecKoro Bos^eiiCTBra bSjihsh AHCTajibHoro 

KOHu,a onTHHecicoro BOJiOKHa. 

Ohi\ 17 IIojio^ceHHe nacTHij b Tpy6Ke c ^kh^koctbio ao (a) h nocjie (b) onTHHecKoro 

B03,HeHCTBHH C nOMOHJBK) OriXHHeCKOFO BOJiOKHa, npHCXBIKOBaHHOrO k BHeuiHeii nOBepXHOCTH 

xpy6KH. 

25 Onr. 18 IIoJio>KeHHe nac-ram b Tpy6Ke c ^chakoctbio ao (a) h nocjie (b) onraHecKoro 

B03,meHCTBHH c noMoirjBio onTHHecKoro BOJiOKHa , pacnojio>KeHHoro b caMOH xpyGice. 

Onr. 19 IlpocTpaHCTBeHHoe pacnpe^eJieHHe nacrau b tohkom cjioe xchakocth ao (a) h nocjie 
(b) B03£eHCXBH5i HMnyjibCHbiM JiasepoM. 

H3o6pa>iceHHoe Ha fair. 1 ycTponcTBo paGoxaex cjieAyiomHM o6pa30M. OnraHecKHH hctohhhk 1, 

30 ixpeAnoHXHxejiBi-io na3ep, $opMHpyeT onxH^iecKHH nynoK 2, HanpaBjiaeMBiH b cpe^ny 3, b kotopoh 
HaxoAHXC5i noAJie^camHH MaHHiryjrajHH oGtercr 4. ITpHMepoM cpe^Bi, oKpy>KaiomeH o6teKx, MO>Kex 
6bitb ra3 (HanpHMep, B03Ayx), KOHAeHCHpoBaHHaa cpe^a b BHAe hchakocth, pacTBOpa, rejia, 6HOTKaHH, 
OT^eJiBHOH KJieTKH, noBepxHocTB TBep^oro Tejia h t. n. JJjiz B03M03KHoro H3MeHeHHfl HanpaBjieHHJi 
nyHKa, mto HeoSxoAHMO, HanpHMep, b cxeMax HHBepTHpOBaHHBix MHKpocKonoB, HcnojiB3yeTC* 

35 AonojiHHTenBHoe sepKano (hjih CHCTeMa 3epKaJi) 5. 3aAamioe pacnpe^ejieHHe onraHecKOH 3HeprHH b 
o6jiacTH HaxoK^eHiiii o6i>eKTa cj)opMixpyexcH c noMomBio ochobhoh 6 H,ecjiH Heo6xoAHMO, 
AonoJiHHTejiBHOH 7 onraHecKOH CHCTeMBi. B cjrynae HcnojiBSOBaHira 3JieMeHTOB MHRpocicona oGbckt 
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pasMemaeTCfl Ha no^BmimoM CTOJiHKe 8 Ha o^hom hjih Me^ziy AByMfl noKpOBHMMH CTeKJiaMH 9. IIpH 
Heo6xoAHMocTH Hcnojib3yeTCii HMMep CHOHHaa onTHKa c bbicokoh hhcjioboh anepTypoft h 
cooTBeTCBypomne :>khakocth. HacTb noraomeHHOH sneprim b pesyjibTare 6e3H3JiyMarejibHbix 
nepexoAOB npeo6pa30BBiBaexcH b TenjioByio 3Heprmo cpeAbi, hto iiphboaht k ee HarpeBy. EticTpoe 
TenjiOBoe pacnrapeHHe HarpeToro JiOKajibHoro o6*beMa 10 npHBOAHT k cj^opMiipOBaHHio aKycraraecKOH 
bojihbi 11, pacnpocTpaHiiiomeHC^ b HanpaBJieHHH o6teKTa 4. flajiee b pesyjibTare np^Moro hjih 
KocBeHHoro ^eHCTBHH 3toh bojihbi Ha o6teKT 4, a Ta>i<e H3-3a conyrcTByioH^Hx HarpeBy Apyrnx 
3(|><i>eKTOB (napooGpasoBaHHe, o6pa30BaHHe MHKp o CTpy h h t. n. ), b 03HHKai0T chjih, AeHCTByioiijHe Ha 

3T0T 06l»eKT H npHBOAHIAHe erO B ABKDKeHHe. MOKHO BBIAeJIHTb CJie^yiOH^He OCHOBHbie npHHHHbl 

4>opMHpoBaHHii TaKHX chji Ha npHMepe >khakoh cpeAbi: paAHa^OHHan cHJia aKycTHHecKoro AaBjieHHa, 
4>opMHpoBaHHe aKycTHnecKHx noTOKOB, npoiiBJieHHe sfyfyeKTa. Ao6aBJieHHbix Mace h T.n. OieAyeT 
TaioKe OTMeraTb, hto npn nepnoAHHecKOM B03 AeHCTB hh aieycTHHecKOH bojihh bbicokoh nacTOTbi 
MacTHU^bi Taioice HaHHHaioT KOJieSaTbca c nacTOTOH aicycTHHecKHx KOJie6aHHH ? npnneM H3-3a 
accHMeTpHH B3aHMOAeHCTBHH c OKpy^aioiAefi cpeAOH b 03HHKaioT AonojiHHTejibHbi chjibi, 
AeMcTByiomHe Ha HacTHijBi. Heo6xoAHMoe nepeMenjeHHe o6i»eKTa 4 b cpeAe 3 (HanpHMep, >khakocth) 
MOiceT AOCTHraTbCH KaK nepeMememieM CTOJiHica 8, ynpaBjraeMoro c noMombio DJiOKa CKaHHpoBaHHa 
12 npn 4>HKCHpOBaHHOM nojioxceHHe onTHHe ckoh chctcmbi, TaK h cneT nepeMemeHira 3JieMeHTOB 
onTHHecKOH cHCTeMbi 6 h 7 hjih c noMombK) BCTpoeHHoro onTHHecicoro CKaHepa, ynpaBJUieMBix c 
noMomtio 6jioKa 13. B KanecTBe Hacrabix npHMepoB bo3mo>khbix cxeM CKaHHpoBaHHfl mokho 
OTMeraTb KoneSaHHe jihh3, ABroiceHHe 3epKaji, nepnoAHHecKoe cMememie KOHija BOJioKHa hjih 
Hcnojib30BaHHe aKycTO-onTHnecKoro MOAyJMTopa. Bo3mo>kho TaiGKe KOMGnmipoBaHHoe 
nepeMememie c Hcnojib30BaHHeM oAHOBpeivieHHO AByx OTMeneHHbix cnoco6oB. MoaceT Gbitb TaioKe 
BBeAeH a^cohcthk ajih pyHHOH MaHHnyjiflU(HH nojio^ceHHeM oe^eKTa b cpeAe. 

Ha $Hr.2 noKa3aHbi pa3JiHHHbie BapnaHTbi (ho hmh He HcnepnbiBaioTCii Bee B03Mo:>KHBie cxeMbi) 
pacnpeAejieHHH hhtchchbhocth H3JiyneHHH b nonepeHHOM ceneHHH JiasepHoro nyHKa b hjiockocth 
o6"beKTa. Han6ojiee npocTOH *BjifleTCfl cxeivia (a) c oahhm nyHKOM 2 Kpyrjion <j)opMbi b nonepeHHOM 
ceneHHH 5 pacnojio^ceHHBiM p#aom c oS-beieroM 4. npn TaKOH reoMeTpHH $opMHpyiOTCH 
pacxoA^iAHec^ aKycTHnecKHe KOJieGaHM 11 (uHJiHHApHHecKHe hjih 6jiH3Kne k c^epunecKHM npn 
chjibhoh 4>oKycHpOBKe nynKa hjih Hcno Jib3 ob aHHH AonojiHHTejibHbix ToneHHbix norjiomaioimix 
MHineHHH), hto no3BOJi;ieT nepeMemaTb oe^eicT b jiioSom 3aAaHHOM pacnojio>KeHHeM onraHecKoro 
nyHKa HanpaBJieHHH, ho c OTHOCHTejibHO HeBbicoKOH totooctbio. TeM He MeHee 3Ta aobojibho npocTO 
peajiH3yeMa5i Ha npaKTHKe c-xeMa yAoSHa am rpy6ofi TpaHcnopTHpoBKH oS^eKTa b 3aAaHHOM 
HanpaBJieHHH Ha 6a3e Hcnojib30BaHHK CTaHAaprabix MHKpocKonoB 3 b Korapbix AoSaBn^eTCH jihhib 
onTHHecKaH npncTaBKa c AonojiHHTeJibHbiM nasepoM. TaK KaK b stoh cxeMe oxcyrcTByeT peryjinpoBKa 
nepeABH>KeHHH b npoAOJibHOM (baojib och onTHHecKoro nynKa) HanpaBJieHHH, to pHa npHMeHHMa am 
oAHOMepHoro nepeMen^eHHH o6teKTOB b Tpy6ax He6ojibinoro A^aMeTpa hjih AByMepHOH 
MaHHnyjianoHH b np o cTp aHCTB e Me>KAy AByMa 6jiH3Kopacnojio^EceHHbiMH njiocKOCTHMH. ITpiiMepoM 
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nocjieflHero Mo^Kex cnyacHTb npocxpaHCTBo Me>K#y AByMfl noKpoBHBiMH CTeiaiaMH MHKp o CKona . Ilpn 
4>OKycHpoBKe onranecKoro nynica 2 b jihhhio (cxeMa b), hto peajiH3yexcji b npocTeMineM cjiynae c 
noMoiubio uHJiHHApKwecKOH jihh3bi, Ha o6i>eKT 4 AeHcrayeT nJiocKaa aKycTHHecKan BOJiHa, hxo 
HecKOJibKo noBbiinaeT tohhoctb ero nepeMenjeHiui b 3aAaHHOM HanpaBJieHHH. KpoMe 3xoro, njiocKaa 
5 BOJiHa mo>kct o6ecneHHTB BosAeftcxBHe b Gojibihom o6s>eMe cpe^Bi, hxo no3BOJiaex ynpaBJiaxb 
ABmiceHHeM OAHOBpeMeHHO HecKOJibKHMH oG'beKTaMH. IIoflo6Hafl cxeMa yAo6Ha xaiaKe ajih 
pa3flejieHH5i MaccHBa nacxHii; Ha oxAenbHbie nacra. IlpH xaKoii reoMeTpHH <|>opMHpyexc5i k^k 6bi 
nopuiHeBoe achcxbhc AaBJieHmi hs o6nacxH xenjioBbiAejieHira. TaKHM o6pa30M, #octohhctbom 3xoh 
cxeMbi ABnaexcji oxHocnxejibHaa npocTOTa TexHHnecKOH peajiH3aijHH 5 HanpHMep, npH Hcnojib30BaHHH 

10 OTMeneHHoM UHJiHHApHHecKOH oiithkh h JierKocTb ynpaBJieHHa CMemeHHeM nacxHiiibi b oahom 
HanpaBJieHHH, npH 3xom xoHHOcxt sa^aHHH TpaeKTOpHH HBJi^eTCH HaHJiynineg. Cne^yex oxMexnxb 
B03MO>KHocTb b 3toh cxeMe Hcnojib30BaHiw Bcero flByx pacnojio>KeHHbix pflAOM oTAejTbHbix Kpyrjibix 
nynKOB (cxeMa (a) 3 ho c AByMfl nyHKaMH), hto jierico peanH3yexcji Ha npaKTHKe nyreM BbinojiHeHHH 
AonojiHHTeJibHOH CHCTCMbi 7 (<DHr.l) b BH^e nojiynpo3paHHOH miacxHHbi, noMemeHHOH Ha nyxn 

15 onraHecKoro nynica. B 3 aBHCHMO cth ot CTeneHH npo3paHHOCxH njiacraHbi xaKaa CHCxeMa no3BOJiiiex 
4>opMHpoBaTb jiioGoe >icejiaeMoe kojihhccxbo cbctobbix rryHKOB, pacnoJio^ceHHbix b jihhhio. 
H3i\iei-ieHHeM yraa no OTHOineHHio k onxHHecKOH och mo>kho Taioice H3MeHOTb paccxoamie Me>ic^y 
3thmh nynKaMH. TeM He MeHee 6ojibineM xoHHOcxbio oGjiaAaex cxeMa c onxHnecKHM nyHKOM 2 b BH^e 
oTpe3Ka Ayrn . IlpH 3tom Ha oG^eKT 4 6yn,ex AeficxBOBaxb cxoAamaflCii aKycxHHecKaa Boraa 11. 

20 ToHHOCTb Syzjex noBbiinaxbcn no Mepe yBejiHHeHHJi pa3Mepa ffyrvi, to ecTb oSjiacra oxBaTa oSfceiera 
CBeTOBbiM nyHKOM. ,ZJaHHa5i reoMexpH£ Mo>iceT 6biTb peajiHSOBaHa npH Hcnojib30BaHHH onxHHecKOH 
cHCTeMbi c 3aBeAOMbiMH aSeppaiiiHHMH, HCKa>Katouj,HMH onTHHecKHH nynoK b Hy^cHOM HanpaBJiemiH, b 
nacxHocTH, cj)opMHpyiomHMH cepnoBHAHyio 4>opMy naraa, KaK noKa3aHo Ha 4>nr.2b. IIpeHMymecxBOM 
TaKOH reoMexprai, KaK h b cjiynae hhcxoh AyrH, jiBJiaexcii bo3mo>khocxb He6ojibiiiOH (JjoKycupoBKH 

25 aKycTunecKHX bojih Ha nacxnuy b cnny npo^BJieHHH 3<})cj)eKxa aKycxnnecKOH JIHH3M. IIoAo6Ha5i 
reoMexpnfl MO>i<ex 6biTb xaioKe c^opMHposaHa 3a cneT Hcnojib3osaHHH HecKOJibKHx AHCKpexHbix 
onxiiMecKHX nynKOB KpyraoH (J)OpMbi. 3to Moicex 6biTb AOCTHrHyro pa3JiHHHbiMH cnocoSaMH, 

HanpHMep, HCnOJlb30BaHHeM CHCTeMbi ACJIHTejlbHblX 3epKajI ? HeCKOJIbKHX OnTHHeCKHX BOJIOKOH, 

HecKOJibKHx ua3epoB h t. n. JJjix yAep>KHBaHHH oSbeicTa b sa^aHHOM nojio>KeHne hjih 
30 KOHTpojiHpyeMOM ABH>KeHHH b jiio6om 3aAaHHOM HanpaBJieHHH Han6ojiee npeAnoHTHTejibHa cxeMa (d) 

C HCnOJTb30BaHHeM OTAeJIbHblX TOHeHHblX HCTOHHHKOB (nyHKOB) 2 3 MHHHMaJIbHOe KOJIHHeCTBO 

KOTopbix aoji>kho 6biTb 3. npH 3tom oG^eKT 4 pacnojiaraeTCH b reoMeTpHHecKOM uempe 3thx 

HCTOHHHKOB. B 3TOM CJTyHae OT Ka^CAOTO HCTOHHHKa pacnpOCTpaHJieTCil UHJIHHApHHeCKail (hjih 

c(j)epHHecKa^) aKycTHHecKaa BonHa 11 5 h npn oAHOBpeMeHHOM bosaghctbhh sthx bojth oS^eKT 4 
35 6yA^T HaxoAHTbca b oGjiacra MHHHManbHoro AaBJieHHH, to ecTb paBeHCTBe aKycTtraecKoro AaBJieHHa 
npHMepHO b uenxpe. TaK KaK Ka^KAbiii hctohhhk GyAex OTrajiKHB axb ooteicT ox ce6^ (npH 
onpeA^JieHHOM cooTHoineHPiii aKycTHnecKHX cbohctb), CTa5HJiH3au;pDi nojiomeHiiii oGteKTa 6yAex 



21 

ho cut AHHaMHHecKHH xapaKTep h oSteKT Mo>KeT HcnbiTtiBaTb He6ojibniHe npocTpaHCTBeHHbie 
(|)JTyKTyauHH 3 to ecrb KaK 6bi "flpo^caTb" hjih "TamjeBaTb". Hctohhhkh acejiaTejibHO pacrrojiararb 
paBHOMepHO BOKpyr nacTHijbi, ho 3to He iiBjmeTCfl o6fl3aTejibHbiM, TaK KaK B03Mo>KHas 
HepaBHOMepHOCTb npHBe^eT jihiiib k He6ojibinoMy acHMMeTpHHHOMy CMeiijeHHio HacTiiurbi no 

5 OTHOineHHK) K CBeTOBbIM IIHTHaM. KpOMe TOTO, B03MO>KHO TaK»Ce H3-3a aCHMMeTpHH HepaBeHCTBO CHJI 

aKycTHHecKoro AaBJiemifl OTAejibHbix soh. Ecjih no3BOJineT onTHHecKaa cncTeMa, no#o6HbiH 
He6ojibinoH pa3DaJiaHc MoxceT 6bm> cKOMneHcnpoBaH 3a cneT H3MeHeHHJi moh^hocth OT#ejibHbix 
nyHKOB. 

OnTHM ajibHbiM peineHHeM 5iBJiiieTC>i (j) opMHp ob aHHe nyHKa b BH^e CBeTOBoro KOJibija 2 (cxeMa e) 
10 BOKpyr o6teKTa 4. ripn stom chjih aKycwiecKoro .naBJieHH* 3 6ynyT paBHOMepHO ^eHCTBOBaTb co 
Bcex ctopoh, hto o6ecneHHBaeT CTaSnjibHoe nojio^EceHHe o6beKTa b ijeHTpe hjih ero 
i^ejieHanpaBJieHHoe nepeMemeHHe b 3a#aHHOM Hanp aB jieHHH . Han6ojiee npocTo peanH30BaTb sry 
cxeMy c Jia3epHbiM ny*ncoM, b ijempe KOToporo cosAaeTCJi TeM hjih hhmm cnocoSoM npoBaji 

HHT6HCHBH0CTH, HanpHMep, 3a CHQT a6eppail,HH, HCnOJIb30BaHH^ np O CTpaHCTB eHHblX (j)HJIbTpOB, 

15 AHa^parM, b tom nncjie c Henpo3paHHofi meHTpajibHOH nacTbio, Hcnojib30BaHKW AH^paKijHOHHbix 
scJxfieKTOB c oSpameHHeM KOHTpacTa h T.n. CBeTOBoe kojibup Mo^ceT 6biTb TaioKe c<|>opMHpoBaHO 3a 
cneT GbicTporo CKaHiipoBaHim jia3epHoro Jiyna no Kpyry, HanpHMep, c noMonjbio eKamipyiomeH 
onTHHecKOH CHCTeMbi Ha ocHOBe Bpamaiomeroca 3epKana . Mo>kho TaioKe Hcnojib30BaTb 
CKaHHp o b aHHe jia3epHoro Jiyna no cnnpajiH c noMonjbio CKanaTopoB, ncnojiL3yiomHxcfl b JiasepHOH 

20 MHKpOXHpypTHH H KOCMeTOJIOTHH. B 3TOM CJiyHae B03M03KeH 3aXBaT o6beKTa B AOCTaTOHHO Sojibhioh 

30He c nocjie^yiomeH ero TpaHcnopTHpoBKOH b i^ei-rrp yKa3aHHoii cnnpajin. 

Cjie^yeT OTMeTHTb, hto b no,uo6Hbix cxeMax B03HHKaioT TaioKe chxtm AaBJieHHfl, KOTOpbie 

HanpaBneHbi bo BHe. Ohh MoryT nrpaTb KaK nojio^KHTenbHyio, TaK h OTpHijarejibHyio ponb. B 

nacTHOCTH, npH TpaHcnopTHpoBKe 06'beKTa ohh MoryT KaK 6bi p acTajiKHB aTb Ha CBoeM nyra 
25 He>icejraTejibHbie Apyrne oSbeKTbi. C ApyroM cTopoHbi, ohh Moryr nperoiTCTBOBaTb c6jin>iceHHio 

nepe^BHraeMoro 06'beKTa c ApyrHM o6beKTOM. PenieHHeM MoaceT 6biTb BbiKJnoneHHe Ha KopoTKoe 

BpeM5i Jia3epa Ha momght c6jiH3KeHHH 3THX oS'beKTOB. ITpn 3axBaxe .npyroro 06'beKTa Aanee ohh Moryr 

yAep>KHBaTBCii y>i<e BMecTe c noMomtio onncaHHOH cxeMbi. 

ITpn pa3pa6oTKe npeAJiaraeMbix ycTpoHCTB cjie^yeT yHHTbmaTb TaioKe, hto o^Ha h Ta >Ke 
30 aKycTHHecKaji BOJiHa MO>iceT OKa3bmaTb npOTHBonojioacHoe AeiicTBHe Ha HacTHijbi c pa3HbiMH 

aKy CTHHe ckhmh cBOHCTBaMH: "jierioie" b aKycra^ecKOM nuaHe nacTHUbi oHa MOiceT npirnirHB aTb, a 

T5DKeJIbie - OTTaJIKHBaTb. Ha 3TOM MOKCT 6bITb OCHOBaHa COpTHpOBKa ^aCTHIJ C pa3HbIMH CBOHCTBaMH. 

B AaJibHeHuieM, ecjiH He oroBopeHo AonojimrrejibHO, Sy^eT noApasyMeBaTbca cjiynaii aKycTHHecKoro 

OTTaJTKHB aHHH HaCTHH;. 

35 Pa3Mep o6jiacTH npocTpaHCTBeHHOH $HKcaE[HH MO^ceT peryjinpoBaTbCH 3a ctot H3MeHeHH5i 

AHaMeTpa CBeTOBoro KOJibii;a. Cjie^yeT TaioKe OTMeTHTb, hto b npHHi^nne AonycTHMO b p^Ae cJiynaeB 
KacaHHe H3Ji}^[eHHeM 06'beKTa, ecjiH npn 3tom He B03HmcaeT npo6jieMbi ero jr^eBoro noBp e^K^eHHsi . 
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HanpHMep, 3to cnpaBe^nHBO rjik onraHecKH npo3panHoro oGteKTa hjih oTHOCHTejiBHOH hhbkoh 
HHTeHCHBHocTH H3JiyneHH5i ? b HacTHocTH, KorAa o&BeKTa KacaeTCii cymecTB ghho ocjia6jieHHoe no 
HHTeHCHBHocTH KpBuio Jia3epHoro nyHKa c rayccoBbiM pacnpe^ejieHHeM HirreHCHBHo cth b 
nonepeHHOM ceneHHH. C Apyron cxopoHBi, npn TaKOH reoMeTpnn (cxeMa f) npn norjiomeHHH 
5 onTHHecKoro nyHKa (H3JiyHeHHJi) 2 b nacTH o6i>eKTa 4 Moryr B03HHKaTB acHMMeTpHHHBie chjibi, 
KOToptie AOCTaTOHHbi ajiji ero nepe£BH>KeHHJi. HanpHMep, sto mokct Sbitb TemroBoe pacuinpeHHe 
He6ojii,niOH 30hbi Ha rparoiije HacTHu;Bi 3 hto cos^acT cBoeo6pa3Hyio peaKTHBHyio cnjiy b HanpaBJieHHH, 
o6paTHOM pacuiHpeHHio. fljra cjiynaa jierioix o6bcktob sto Mo>iceT Sbitb BTopHHHoe pa,zmaijHOHHoe 
AaBJieHHH H3-3a HcnycKaHira i-iarpexon 30HOH HHcj)paKpacHoro(HK) H3JiyneHHJi. 3th cxeMBi 

10 Hepa3pyniaiomero o6pa3eij B03flencTBiM OTjniHaioTCii ot y>ice H3BecTHBix TeM ? hto He HcnojiB3yK)T 
peaKTHBHyio OT^any noKH^aiomHx o6teKT npo^yKTOB jia3epHOH a6ji5iijHH hjih njia3MBi 5 KOTopBie 
pa3pyuiaioT o6pa3eu;. KpOMe Toro, ohh nosBOJiaiOT oneHB njiaBHO ynpaBJiJiTB nojicmeHHeM o6teKTa 5 b 
to BpeMfl KaK b aHanorax co3#aeTCfl aobojibho SojiBinoe HanaJiBHoe ycKopeHHe, HanpaBjieHHeM 
KOToporo TpyAHo ynpaBJiiiTb. KaK y>ice oTMenajiocB, co3#aHHe HeoSxoAHMOH KOH<|>HrypaijHH 

15 Jia3epHoro nyHKa MO>iceT 6bitb AOCTHrayTO 3a chct ncno jib3 ob aHH$i ot^cjibhbix nyHKOB, b 3tom cjrynae 
MoryT OKa3aTBC5i noJie3HBiMH cxeMBi, HenojiB3yiomHe hcckojibko jiHHeifHBix 3JieMeHTOB (cxeMa g), 
pacnoJio^iceHHBix, HanpHMep, no KacarejiBHOH k noBepxHocra BHpTyajiBHoro KOJiBija hjih hcckojibkhx 
Ayr OKpyaoiocTH hjih cepnoB (cxeMa h). B sthx cjiynaax moacho HcnojiB30BaTB pas^ejieHHe o^hoto 
nyHKa Ha hcckojibko hjih HcnojiBsoBaTB hcckojibko Jia3epoB, HanpHMep, KOMnaKTHBie h He^oporne 

20 nojiynpoBO^HHKOBBie Jia3epBi. 

O^hhm H3 npeHMynjecTB npeAJiaraeMoro H3o6peTeHH5i jrajiaeTCji OTHOCHTejiBHaa npocTOTa 
co3Aai-iH5i c noMomBio jia3epHoro H3JiyneHHii aKycTHHecKHx jihhs pa3JiHHHOH KOH^Hiypai^HH, 
HanpHMep, nyreM 4>opMHpoBannfl cooTBeTCTByiomero hx onTHHecKoro H3o6paaceHHH b cpe^e. KpOMe 

TOrO ? B KOM6HHHpOBaHHBIX JIHH3aX 5 KOTOpBie M02KHO yCJIOBHO H33BaTB (j) OTO aKy CTHHe CKHMH (OA), B 

25 oTJiHHHe ot TpaflHi^HOHHOH cxeMBi reHepaijHH Y3 KOJie6aHHH (c noMomBio nBe303Jiej\ieHTOB 5 
npHCTBiKOB aHHBix k jiHH3e), hctohhhkom 3thx KOJieSaHHH £BJiaeTC5i tohkhh cjioh noraomaiomero 
HSJiyneHHe noKpBiTHJi hjih njieHKH, oSjiynaeMBix Jia3epHBiM H3JiyneHHeM. 3to noKpBiTHe aojdkho 
HMeTB bbicokhh K03(J)(|)Hi^HeHT TepMHHecKoro pacuiHpeHH5i. MexaHH3M renepai^HH Y3 bojih ocHOBaH 

Ha GBICTpOM nepHOAHHeCKOM TenJIOBOM paCIIIHpeHHH 3THX SJieMeHTOB. B03M02KHO HCCKOJIBKO 

30 BapnaHTOB TaKHX cxeM (Onr. 3). B nepBOH H3 hhx (a) npo(j)HJiB aKycranecKOH JIHH3BI 4)opMHpyeTCH 3a 
cneT oGteMHOH kphbojikhchhoh KOH^Hrypaij;HH jiasepHoro nyHKa 2 b norjiomaiomeH cpe^e: H3-3a 
OA 3(|)(|>eKTa b cpe^e co3AaioTCii aKycTHHecKHe KOJie6aHHH 11 (Ha (|>Hr.3a noKasaH hx 4>poht) 5 
pacnpocTpaHjnomHecfl b HanpaBneHHH o6*BeKTa 4 no HopMajiH k noBepxHOCTH H3o6pa^ceHH5i TaKOH OA 
jihh3bi. ELpeHMymecTBOM TaKOH cxeMBi KBJineTCii flHCTaHiiiHOHHBiH xapaKTep (|) OpMHp OB aHHJI 

35 aKycTHHecKoii jthh3bi npaKTHHecKH jik)6oh KOH^nrypauHH. Tlpome Bcero mo>kho peajiH30BaTB 
i^HJiKH^pHHecKyio OA JiHH3y 3 xora OTcyrcTByiOT KaKHe-Jin6o npHHi^HnnajiBHBie orpaHHneHHJi Ha 
co3AaHHe TpexMepHOH OA jihhsbi, HanpHMep, MeTo^aiviH roJiorpac]3HH hjih HcnojiBsoBaHHH 
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HHTep cj) ep eHi^HOHHtix h AH4>paKL[HOHHi>ix 3(|)$eKTOB. KpoMe toto, B03MO>KHa KOMGwHaujia AByx HJIH 
Tpex iiiHJiHH^pHHecKHx OA jihh3. B cxeivie (b) Hcnojib3yeTCH TpaAHijHOHHafl KOHCTpyKiim 
aKycTHHecKOH J1HH3BI, b KOTopoH Y3 KOJie6aHHH ^opMHpyioTCji npH norjioiu;eHHH jia3epHoro nynica 
(H3JiyneHHH) 2 b nomomaiomeM noicpbrraH 14, HaHeceHHOM Ha BHeniHioio noBepxHOCTb 
5 aKycTHHecKOH jihhsbi 15. ^ajiee 3th aicycTHHecKHe (hjih Y3) Kojie5aHH5i 11 pacnpocTpaHHiOTca k 

nOBepXHOCTH JIHH3BI C BblCOKOH KpHBH3HOH, KOTOpaH o6ecneHHBaeT KOHI^eHTpai^HK) 

c(|)OKycHpoBaHHi>ix Y3 KOJieSaHHH 11 Ha oSteiere 4. IIpeHMymecTBOM TaKOH cxeMbi SBJineTCfl 
OTHOciiTejibHaH jierKOCTb BapBHpoBaHHii Heo6xo#HMbiMH napaivreTpaMH Y3 bojihm (HanpiiMep, 
^acTOTOH, 4>a30H h nojio>KeHHeM (fioKyca) npn BapbnpoBaHHH napaivieTpaMH jia3epHoro HSJiyneHHH. 
10 Otjihhhcm cjie^yiomeH cxeMbi (c) 5iBJuieTc;i Hcnojib30BaHHe jia3epHoro H3JiyneHHa 2 Rim reHepauHH 
Y3 KOJie6aHHH Henocpe^cTBeHHO Ha Bbixcyje aicy cthh e cko h jihh3bi 15 c noMonjbio norjiomaiomero 
noKpbiTHH 14, HaHeceHHoro Ha KpHBOJiHHeHHyio noBepxHOCTb jihh3bi 15. B cjiynae OTHOCHxejibHO 
cHJibHoro norjiomeHHH HSJiyneHHJi b caMOH cpe#e reHepamra Y3 KOJieSai-iiiH B03M0^cHa 3a cneT 
nomomeHHii HSJiyneHHH b tohkom cjioe >khakocth, HenocpeACTBei-n-io conpnicacaiomeMCfl c 

15 KpHBOJTHHeHHOH IIOB CpXHO CTBK) aKyCTHHeCKOH JIHH3M. B HaCTHOCTH, B CJiyHae BOAHOH Cpe^bl 

3Toro no^xoA^T 3p6HeBbiH Jia3ep h Jia3ep Ha yrjieicncjiOM ra3e. CxeMa (d) noKasbreaeT 
npin-iuHnHajibHyfO bo3mo>khoctl co3^aHra 3<J>c|)eK.Ta aKycranecKOH jihhsm 3a cneT noraomeHHfl 
H3JiyneHH5i 2 b xch^kocth 3 HenocpeACTBemio Ha ee noBepxHocra. OopMHpoBaHHe cxoAflmnxca 
aKycTunecKHx bojih 11, ^eMcTByiomiix Ha oS-bercr 4, AocraraeTCJi 3a cneT cooTBeTCTByiomero 

20 H3MeHeHHfl npocj>HJiJi hhtchchbho cth H3JiyneHHH 16 no nonepeHHOMy ceneHmo nyqiea 2, 
o6ecneHHBaiomeH ycHJieHHe aMnjiHTy^ti KOJie6aHHH b HanpaBJieHHH (J)OKyca. KpoMe Toro, mcxhcho 
Hcnojib30BaTb npHHannbi pa6oTbi (JjasoBbix peineTOK (4>a3HpoBaHHbix aHTeHH), HanpHMep, Ha ocHOBe 
HcnojibsoBaHHH AonojiHHTejibHOH njiacTHHbi 17 c cooTBeTCTByiomHMH 4>HJibTpaMH hjih onpe^ejieHHoii 
KOH^HrypauHH norJioujaiomeH njiemcH 14 Ha ee noBepxHOcra. 3Ta >ice njiacraHa 17, pacnojiaraeMaa 

25 Ha noBepxHocTH >kh#kocth, oGecneHHBaeT AonojiHHTejibHoe ycHJieHHe aMnjiHTy^bi aKycranecKHX 
bojih 6naroAap^ BBe^eHHio mecTKHx rpaHHHHbix ycjioBHH npn 4>opMnpoBaHHH aKycTHHecKOH bojihm. 
Cjie^yeT OTMeraTb, hto b pojin TaKOH nuacTHHbi Moryr BbiCTynaTb npo3paHHbie CTeHKH KaMepbi, b 
KOTopofi Haxo^HTC^: oG'beKT, npnneM b 3TOM cjiynae B03MO>KHa BepTHKajibHaji reoMeTpmt OA JiHH3bi. B 
cxeMe (e) KOHLjeHTpaijHJi aKycTHHecKHX KOJieSaHHH 1 1 b <|)OKyce AOcraraeTC^ y>ice 3a cneT (j)a30Boro 

30 coraacoBaHHH aKycTHHecKHX bojih ot OTAejibHbix OA jihh3 17 (OHr.3d) 5 co6paHHbix b jiHHeHKy. 3th 
bojihbi (f>opMHpyioTC^ c noMombio OTAejibHbix jia3epHbix iryHKOB 2 b JiHHeHKe norjiomaioniMX 
MHUieHefi 17, ^eHCTByiomHx KaK 4 )a3H P OBaHHa ^ aHTeHHa, oGecneHHBaioma^ cooTBeTCTByromyio 
KOHueHTpauHio KOJie6aHHH 11 Ha oS^eKT 4. Bo Bcex onncaHHbix cxeMax BbicoKonacTOTHbie 
aKycTHHecKHX KOJieSaHHH MoryT 4>opMHpoBaTbCH npH Hcnojib30BaHHH HenpepbiBHbix Jia3epoB, 

35 MORyjixuvx mohjhocth KOTopbix b HeoGxo^HMOM AHana30He HaCTOT (1-100 MTu h Bbiine ) 
^ocTHraeTCH c noMomtfo 3JieKTpo-onTHnecKHX hjih aKycTO-onTHHecKHX MO^yjiOTopoB. Bo3mo7Kho 
Taioice Hcnojib30Bamie HMnyjibCHbix jia3epoB c bwcokoh ^acTOTOH 3anojiHeHHH naneK OTAejibHbix 
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HMnyjiLCOB. B onHcaHHbix cxeiviax no-cymecTBy peajiH30BaHa hrgsl Hcnojib30BaHHH c<|>OKycHpoBaHHbix 
Y3 bojih, hctohhhkom KOTOpLix HBJiKeToi o6jiacTb 6bicTporo TenjioBbiAejieHira norjioiijeHHOH 
jra3epHOH 3HeprHH. Cpe^H bo3mo>khmx peanH3aijHH no#o6Hbix cxeM cjie^yeT OTMeTHTb 4>oicycHpoBKy 
jia3epHoro HSJiyneHHH b oahh hs ^OKycoB 3JiJiHnTHHecKoro aicycTHHecKoro 3epicajia, KOTOpbra 
5 nepe<j)OKycHpyeT B03HHKaiomHe aicycTHHecKHe KOJieSaHHfl b o6jiacrb BToporo $OKyca 5 KOTopbra 
MomeT pacnojiaraTtcH b Tpy^Ho^o cTy hhoh am onTmecKoro H3JiyHeHiM 30He, HanpHMep, BHyrpn 
>KHBoro opraHH3Ma. E[pH 3tom mo>kho HcnontsoBaTb Rim reHepauHH aicycTHHecKHx bojih iiBJieHHe 
onTHHecKoro npo6oii [8]. TaKHM o6pa30M 5 mcwkho <|>OKycHpOBaTb afcycTHHecKHe bojihbi Ha 6ojibinyK> 
rjiy6HHy ko>kh h b pa3JiHHHBie BHyrpeHHHe opraHbi c Hcn0Jib3OBaHHeM boahoh cpe^bi Ha noBepxHocra 
10 Tejra jsjisl HeoSxoAHMoro aicycTHHecicoro coraacoBaHna. Oaho H3 B03M0>KHbix npHMeHeHHH 
saiorio^aeTCH b ycKopeHHH cejieieraBHOH AOCTaBKH JieKapCTB b Tpe6yeMyio 30Hy, HanpHMep, c 
noMombio aKycTHnecKoro, <DA hjih TeroiOBoro ycHJieumi HanpaBJieHHOH jxw$$y3\m jreicapcTB b 
Tpe6yeMyio 30Hy. 

npe^JiaraeMoe H3o6peTeHH£ Mo^ceT 6bitb peajiH30BaHo h c noMOiijbio 6onee npocTbix cxeM c 

15 HCnO JIB30B aHHCM OnTHHeCKHX BOJIOKOH (<j)Hr.4). BO BCeX 3THX CXeiSiaX, B HaCTHOCTH (a), AOCTaBKa 

jia3epHoro H3JiyHeHH5i 2 o cyme ctb jmeTCK c noMonjbio onTHnecKHX bojiokoh 18, noMemaeMbix b 
co OTBeTCTByioiuyio cpe,ny. BosHHKaioiipie npn stom aicycTHHecKHe KOJieSaHHii 1 1 Ha KOHije BOJioKHa 
18 AeficTByioT 3aTeM Ha o6x.eKT 4. MexaHH3M reHepaijHH aieycTHHecKHx KOJieSaHHH mo>kct Gbitb 
pa3JiHHHbiM. HanpHMep, sto MoaceT Sbitb TemioBbmejieHHe b oGjiacTH norjiomemiii 10, npHMbiicaiomeH 

20 Henocpe^cTBeHHo k KOHiiy BOJioKHa (npH chjibhom norjiomeHHH b caMOH cpe^e), hto npHBo^HT k 
{J)opMiipoBaHHfo aicycTHHecKHX KOJieSaHHH 11. npH 6ojibiHHX TeMneparypax bo3mo>kho Taioice 
4>opMnpoBaHHe ny3bipeH 5 KOTopbie npH cxjionbrcaHHH Gynyr o6pa30BbiBaTb MHKpoyzjapHbie bojihbi 
hjih HMnyjibCHbie MHKponoTOKH, AeHCTByiomHe Ha HacTHijbi. HariHHHe acecTKHX rpatiHHHbix ycjiOBHH b 
BH/je nnocKoro Topija CBeTOBO^a 3HanHTejibHO ycnjiHBaeT AeHCTBHe sthx 3(j)<|)eKTOB b HanpaBJieHHH 

25 onTHnecKOH och BOJioKHa. Ha Topeu, BOJioKHa 18 (cxeMa b) MO>Kex 6bm> HaHeceHO noraoiijaioinee 

nOKpblTHe 14, nOrJIOmeHHe B KOTOpOM npHBOtfHT K (|>OpMHpOBaHHK) aKyCTHHeCKHX KOJieSaHHH 11. 

Otjihhhcm cxeMbi (c) HBJineTc^ Hajirae Ha KOHije BOJioKHa 18 HaKoi-ieHHiiKa 19 c norjionjaiomHM 
3JieMeHTOM 14 Ha Topn,e. B KanecTBe TaKoro 3JieMeHTa MoryT HcnoJib30BaTbca pa3JiHHHbie 
noraomaiomHe nnei-iKH. Bo3mo>kho Taioice noMemeHHe b npocxpai-icTBO Me>i<,ny Topi^OM BOJioKHa h 
30 thGkoh njieHKOH norjrom;aK)iii;eH xchakocth, pe3Koe TenjiOBoe pacurapeHHe KOTopon H3-3a 
noraomeHM H3JiyHeHHH npHBO^HT k pe3KOMy nepeMememiio yKasaHHOH mieHKH h b KOHe^HOM HTore 
k reHepaqpiH aKy cthhc ckhx KOJieGaHHH 1 1, AeMcTByiOHiiHx Ha oG^eKT 4. Ha cxeivie (d) noKa3aHo 3 hto 
3a cneT H3MeHeHH^ kphbhshbi Topu;a BOJioKHa 1, a TaioKe HaHeceHra Ha Hero noraomaiomero 

nOKpblTHH 14, B03M0>KH0 C03AaHHe OnTOBOJIOKOHHOH OA JIHH3BI. AKyCTHHeCKafl JIHH3a 15 MO>KeT 6bITb 

35 Taioice npHCTbiKOBaHa k KOHiiy BOJioKHa 18 KaK OTAeJibHaH Haca^Ka (4>hi\ 4e). PaccMOTpeHHbie cxeMbi 
MBJTHIOTC5I 6jth3khm aHajioroM cxeMbi (a) Ha <j)Hr.2, ho c HcnojibsoBaHHeM onTOBOJioKOHHoro 
(J)opMHpoBaHHH cBeTOBoro nynica bGjihsh oS'beKTa. Cne,ayeT o^HaKO oTMeraTb, hto b CHJiy 
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norjiomeHHJi H3JiyneHHfl b yi<a3 aHHBix noKp&rnuix b onTOBOJiOKOHHbix cncTeMax HCKJnoneHa npo6jieivia 
Jiy^eBoro noBpe^eHHfl o6teKTa, TaK hto bojiokho moxcho no^BOAHTt k oSteKTy b jtio6om 
HanpaBJieHHH. HHTepecHO otmcthtb TaioKe noTemjHaJibHyio bosmo^khoctb co3^aHHH onTHHecKoro 
npo6o# Ha KOHije BOJioKHa b npospaHHOH ^hakocth (npn bbicokoh onraraecKOH npoHHoc™ BOJioKHa) ? 
5 hto noMHMo yBejiHHeHHK aMnjiHTyABi aicycTHHecKOH bojihbi no3BOjraeT H36eacaTb np^Moro nonaAamiH 
H3JiyHeHra Ha o6teKT b cHJiy ero npaierHHecKH nojiHoro norjioin;eHH5i b o6jiacra onTHHecieoro npo6oa 
(cBoeo6pa3HBiH 3<J>4)eKT onTHHecKOH "nepHOH AtipBi"). Henocpe^CTBeHHoe noMemeHHe BOJioKHa b 
cpe/jy HMeeT cboh npeHMyrqecTBa Taicxce npH ynpaBJieHHH otho chtcjibho KpynHopasMepHbiMH 
oSteKTaMH. HanpHMep, noAoSHaa cxeMa c Hcn0Jib3OBaHHeM 3HAocicona Mo>iceT 6htb Hcnojib30BaHa 

10 ajih nepeABH>iceHH)i KaMHeii b mohcbom ny3tipe b Tpe6yeMOM HanpaBJieHHH hjih 4>HKcan;HH b 
Tpe6yeMOM nojio>KeHHH 3 b nacTHocTH, npn HHTpaKopnopajiBHOH hjih SKCTpanopajibHOH JTHTOTpHncHH . 
3tot noAXOA no3BOJiaeT Taioice oGecnenHTb nosopoT oGBeicra b Hy>KHOM HanpaBJieHHH 3a cneT 
(^OKycHpoBKH H3JiyneHHH b TpeSyeMyio 30Hy cpeAbi hjih nacra oGteicra AJifl co3AaHHH 
cooTBeTCTByTon^ero MexaraiHecKoro MOMeHTa. Otjihhhcm ot ncno jib3 ob amui eraHAapTHbix 

15 MHKpoHHCTpyMeHTOB rana MexaHHHecKHx MaHHnyjiOTopoB, nHHi^eTOB, Hra h t. n. aBjTHeTca 
HeKOHTaKTHbiH xapaKTep bosaghctbhh nocpe#CTBOM aicycTHHecKHx KOJie6aHHH. KpoMe Toro, 

BO3MO>KH0 COBMem,eHHe MHKpOHrJI H BOJIOKOHHOH AOCTaBKH H3JiyHeHHH 3a CHQT nOMeiljeHHil BOJIOKHa B 

nojiyio MHKpOHray. B pesyjibTare noflBJiaeTCfl bo3MO>khoctb ynpaBJieHHH oSbcktom b AByx peatcHiviax: 

KOHTaKTHOM H SeCKOHTaKTHOM. 

20 Flo aHanorHH c Hcnojib30BaHHeM MHornx jia3epHbix iryrooB rjik co3AaHmi ^cenaeMOH 

npocTpaHCTBeHHOH reoivieTpHH (4>Hr.2d) 3 noAoGHbiH noAXOA MOxceT 6bitb peanH30BaH c onraraecKHMH 
BOJioKOHaMH. IIpHMepOM MomeT cjiy>KHTB HcnojiB30BaHH6 AByx bojiokoh, pacnojio^ceHHBix Apyr 
npoTHB Apyra, jiHHeHKH bojiokoh hjih hx pa3MemeHHe BOKpyr o6BeKTa Taic, hto6bi AHCTajibHbie Komjbi 

BOJIOKOH 06pa30BBIBaJlH AHCKpeTHOe KOJIblJO HJIH Uiap (<DHI\ 5), B I^eHTpe KOTOporO HaxO£HTCJl 

25 o6i>eKT. B nocjie^HeM cjiynae CBeTOBbie nyHKH 2 HanpaBjiiiioTCH b cocBeTCTByioiAHe cBeTOBOAbi 1 8 ? Ha 
KOHije KOTopBix 4>opMHpyiOTCji aicycTHHecKHe KOJie6aHHfl 11, AeflcTByiomHe Ha o6beKT 4. Kaic 
OTMenajiocB, c|)opMHpOBaHHe HeoSxoAHMbix chji bo3mo^cho TaiGice 3a cneT KaBHTai^HOHHbix a^eicTOB 
Ha KOHu;e BOJioKHr hjih onTHHecKoro HHAyijupoBaHHa yKHjjjco cthbix MHKponoTOKOB h HMiiyjibCHbix 

MHKp O CTpy H . 

30 rtapajiJiejibHO c bojiokhom BnjiOTHyio k HeMy mo>kho TaioKe pasMecraTb nojiyio MHKpOTpySoHKy, 

nepe3 KOTopyio o cy mecTB jiHeTGH MeAJieHHbiH otcoc ^chakocth hjih ra3a H3 o6BeMa MaHHnyjiHp ob aHHH . 
TaKHM o6pa30M mokho co3AaTb a^x^eKT nbmecoca, npHTHniBaioiiiiero nacTHiiibi k 3acacbiBaioHi;eMy 
OTBepcraio c ceT^aTbiM (|)HJibTpoM Ha Topn;e h <|)HKCHpyioiu;ero hx b nojicraceHHH okojio KOHii;a 

BOJIOKHa. PeryjIHpOBKOH BeJIHHHHbl OTCOCa H ^OTO^yCTHHeCKOrO OTTaJIKHBaHHH HaCTHUi M03KHO 

35 A06HTBCH pacnojio^ceHH^ HacTHii; Ha onpe^eneHHOM paccroaHHH ot KOHn;a BOJIOKHa. flaHHbiH pe>iaiM 
nepcneKTHBeH npn HCKyccTBeHHOM onjiOAOTBopeHHH, Kor^a hcckojibko cnepMaT030HAOB 
npHT^raBaeTCH k JiMqeKJieTKe, npH hcc jie^OB aHHH B3aHMOAeHCTBHH pasjiHHHbix KneTOK Me>i<yiy co6oh 
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H JieitapCTBaMH H (j) OpMHp OB aHHJI npOCTpaHCTBeHHO-CejieKTHBHBIX XHMHHeCKHX H <J)OTOXHMHHeCKHX 

peaKHHH. PeryjiHpoBKOH noAo6Hbix 3(|>(|)eKTOB 3ajinnaHEui h oTJinnaHHfl mo^kho o6ecnenHTb oTptiB 
nacTHu; ot ctchok h npen,H3HOHHyio oHHCTKy cemhx ctchok. KaK Gbdio o6Hapy3KeHO B HaniHX 
3KcnepHMeHTax ? npHTJirHBaHHe HacTHii; k Jia3epHOMy nynicy B03M05KHO TaioKe 3a cneT s^ercroB 
5 napoo6pa30BaHH5i b oSjiyneHHOH oSnacra. HanpHMep, npH oGjiyneHHH noBepxHOcra 
CHUbHonorJiomaiomeH skhakocth ee HcnapeHiie npnBOAHT k cj)opMHpoBaHHK) MmcponoTOKa b 
HanpaBJieHHH oGjiacra napoo6pa30BaHHfl, BOBJieKaioinnx nacTrajbi b ABnaceHHe. AHajiorHHHbiH 3(|)(|>eKT 
npHBO^HT k npHTjirHBaHHio nacTHU k Komiy BOnoKHa, rAe B03HHKaeT oGpasoBaHHe ny3i>ipeH. IIpH 
stom npn pacnojio^KeHHH Hacrau; b6jih3h KOHua BOJioKHa ohh GyAyr orrajiKHBaTBCH 3a cneT 
10 oniicaHHtix paHHee jiBJieHHH, b to BpeMH KaK npn pacnono>KeHHH hx Ha paccTOiiHHH ? r^e 3th 3$(|)eKTi>i 
ocjra6eBaiOT 5 Hanm-iaioT npeoSjiaAarb chjibi np HT5i>Ke h . 

OAHOH H3 npo6jieM npH MHKp O CKOnHHe CKOM HCCJieAOBaHHH MHKpo6noo6'fceKTOB B HeKOTOpblX 

cjiynanx ^bji^qtc^. TpyAHOCTb OTpbrcaHHH ot no^jio^cKH, Ha KOTopoii ohh pasMeineHbi HJIH K KOTOpOH 
npnjiHnJiH b CHJiy pasjiHHHbix aAre3HOHHbix chji. Oco6eHHo sto aicryajibHO b GnoJiornn npn 

15 Bbipauj^HBaHHH KJieTOK Ha noAJio^KKax h nocneAyiomero hx Hcnojib30BaHHfl b pa3JiHHHbix 
3KcnepHMeHTax b cycneH3HH. JJjiz peinemifl no^o6Hbix npoSjieM, to ecTb oxpbiBa 3ajiHnniero o6*beKTa 
ot iioajio>kkh ? mo^cho BOcnojib30BaTbca oneHb npocTOH nacTHOH cxeMOH, npe^cTaBJieHHofi Ha 4>hi\6. 
JTa3epHoe H3Jiy*ieHHe 2 HanpaBJifleTca co CTOpOHbi npo3paMHOH ajih H3JiyHeHHfl noAJio^KKH 20 b cpe^y 
3, r^e HaxoAHTC5i o6beKT 4 . Bo nsGoKamiH noBpe^eHHii oSteKTa, AJiHHa BOJiHbi HsuyneHHa 

20 BbiSnpaeTCH b AHana30He CHJibHoro norjiomeHHH cpeAbi 3. HanpHMep, b cjiynae boahoh cpeAbi 3to 
Mo>iceT 6biTb spSneBbra Jia3ep c ajihhoh bojihbi H3JiyneroDi nopjiAKa 2,89 mkm, npaKTHHecKH 
nojiHocTbio norjiomaeMoro b cnoe boah tojiihjhhoh 0,8 mkm. Bo3HHKaioiHee nopniHeBoe ASHCTBHe 0 t 
TenJiOBoro paciunpeHKH HarpeToro cjioji npHBOAHT k <|)OpMHpoBaHmo chji aKycTHHecKoro AasjieHHJi, 
Jiereo oTpbiBaromHx MacTiiuy hjth KJieTicy ot noBepxHOcra. npn 3tom aji# hc kjiio ne hh# bo3mo>ichoto 

25 TenJiOBoro noBpe>KAeHHii oG^eKTa, b HacraocTH otmchchhoh kjictkh, AJiHTejibHOCTb HMnyjibCHoro 
onTH^ecKoro bo3a©hctbhji BbiGnpaeTCfl hcxoah H3 Tpe6oBaHH£ ManocTH ajihhbi pacnpocTpaHeHHfl 
Tenna 3a BpeM HMnyjibca no cpaBnennK) c rjiyGiiHOH onxHHecKoro norjiomeHHJi H3JiyneHHii. 
CymecTBeHHbiM otjihhhcm a^hhoh cxeMbi ot OTMeneHHoro BHanajie MeTOAa hhctkh noBepxHOcra 
o6pa3u;oB flBJiaeTCH oGparaaa cxeMa oGjiyneH™, nosBOJTHioiij.aa H36e>Karb np™oro bo3aghctbeui 

30 H3JiyMeHH5i Ha oS'beKT. flpyroe peineHHe Moxcex 3aKJiioHaTbC5i b noMemeHHH AonojiHHTejibHOH 
Henpo3paHHOH njiemcn 21 Ha noBepxHOCTb nnacTHHbi 20, ecjiH 3to b 3tom ecTb HeoSxoAHMOCTb. B 
TaKOM cjiynae npn norjioinerara H3JiyneHHH b >khakocth MexcAy noAJio^cKOH h njieHKOH hjth b caMOH 
nueHKe (ecjiH ^cHAKocTb othochtcjibho npo3paHHa), nocjieAH^K caMa npHAeT b ABH>KeHHe noA 
AencTBHeM onHcaHHbix paHHee chji (b pe3yjibTaTe TenJiOBoro pacinnpeHH^ echakocth hjih nJieHKH, 

35 noHBJieHHii HMnyjibca OTAann npH nacTHHHOH a6jiHu;HH hjih o6pa30BaHHH njia3Mbi h t. n.) h 6yAeT 
B03AeHCTBOBaTb Ha oS'beKT, hto nojiHOCTbio HCKjnonaeT BepoaTHOCTb nonaAaroifl Aa>Ke Majioii nacra 
H3Jiy^eHHH Ha o6beKT. B KanecTBe o6-beKTa 4 Moiyr Hcnojib30BaTbCH pa3JiHHHbie MHKpoinapHKH 
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pa3MepoM ot HaHOMeTpoB ao MHKpoMeTpoB, BBinojiHeHHbie, HanpHMep, H3 30JioTa h HcnojiB3yeMbie 
A-hh ^ocxaBKH jieKapcTB (xancyjiHpoBaHHbix, b BHAe noponiKOB ht. n.) hjih pa3JiHHHbix SnoajieivieHTOB 
(ai-iTHTejia, npoTeHHbi h t.a. ) b 6noTKaHH h kjictkh. OnHcaHHaa cxeMa no3BOjraeT hx ycKopiiTb ao 
bbicokhx cKopocTeM (ao cothh m/c h Sojiee), AOCTaTOHHbix j\Ji5i hx HMnperHaHHH b OTMeneHHbie TKaHH. 
5 KaK y>ice OTMenajiocb, npe^CTaBJieHHbie cxeMbi no3BOJiflK>T MaHHnyjiHp ob aTb nojTo^eeHHeM 

nacTHUbi npeHMymecTBeHHO b OAHOMepHOM h AByMepHOM npocTpaHCTBe. HanpHMep, KOJibneBaa 
reoMeTpHH CBeTOBoro nyHKa no3BOjnieT nepeMemaTb nacTHuy 6e3 AonojiHHTejibHoro B03AeHCTBH# b 
nonepeHHOM HanpaBJieHHH npH ABiDKeHHH nyHKa nepneHAHKyrmpHo ero och. 3to y^o6HO npH 
m aHHnyjiHp ob aHHH b AByxMepHOM npocTpaHCTBe, co3AaBaeMOM, HanpiiMep, ffsyMSL 6jih3ko 

10 pacnoiro>KeHHbiMH njiocKOCTHMH, TaicHMH KaK noKpoBHbie CTemia b MHKpocKone. ^BroiceHHe b 
TpexMepHOM npocTpaHCTBe cooTBeTCTByeT cxeMe c ncno Jib3 oBaHHeM AByx hhjihhaphhc ckhx nyHKOB 2, 
pacnojio>KeHHbix noA yriroM Apyr k Apyry (Our. 7). 06beKT 4 npH stom HaxoAHTCH BHyrpH 
o6pa30BaBinerocK TaKHM o6pa30M oGbeMa h Ha Hero AeiicTByiOT chjim AaBJieHHH co Bcex ctopoh 3Toro 
o6beMa. BejiHHHHa yraa Bbi6npaeTCH hcxoah H3 3aAann HccjieAOBaHHJi. HanpHMep, npH cpaBHHTejibHO 

15 He6ojibinoM yrjre ^opMHpyeTM yAJiHHeHHbiH o6beM. Yao6ctbom TaKoft cxeMbi HBJiJieTCJi pa3MemeHHe 
AByx nyHKOB hjih AByx OTAejibHbix hctohhhkob b6jih3h Apyr ot Apyra. IIpH B3aHMHo 
nepneHAHKyjiiipHOH opneHTaixHH nyHKOB c]3opMHp3^eTC5i MHHHMajibHo bo3MO>khbih o6beM 
cBoeo6pa3HOH cbctoboh jioByiHKH. Ilpn 3tom B03HHKaeT HeoGxoAKMOCTb npocTpaHCTBeHHoro 
pa3AeJieHHii o6ohx nyHKOB. 3xa cxeivia HanoMHHaioT cjiyqaii HecKOJibKHx npo>KeKTopoB ? 

20 HanpaBneHHbix noA pa3HbiMH yraaMH b OAHy 30Hy. Otjikhhcm flBJiaeTCJi tojibko H,HJTHHApnHecKaa 
(})opMa jra3epHbix nyHKOB. TaKHM oSpasoM, mo>kho MaHHnyjinpoBaTb noJioiceHHeM jierKHX npeAMeTOB 
b BOSAyxe, HanpHMep, reoAe3HnecKHMH inapaMH hjih peKJiaMHbiMH MaTepHajiaMH. ripn yrae 180 
rpaAycoB nynKH opneHTHp ob aHbi HaBCTpeny Apyr Apyry. Hx HeGojibinaa <J)OKycHpoBKa h cMemeHHe 
onTHHecKHx oceii h <|>oKycoB OTHocHTejibHO Apyr Apyra AaeT AonojiHHTejibHbie bo3mo>khocth rjisl 

25 cjiopMiipoBaHHH npneMJieMOH reoMCTpHH, He o6xo ahmoh a-m c o otb eTCTByiomeH MaHHiryjianHH 
o6beKTaMH. ^BHtfceHHe oS-beKTa o6ecneHHBaeTCii cHHxpoHH3HpoBaHHbiM ABroKemieM o6ohx nyHKOB. 

MHHHMaJIbHO KOJIHHeCTBO nyHKOB paBHO AByM, HO JJJIK yCHJieHHH B03AeftCTByK)IAHX CHJI B03MO)KHO 

y b e JiHHe HHe hx KOJinnecTBa ao Tpex h 6onee. 

Bo3MO>iceH p^A cjiynaeB, nosBOJUHomnx ocymecTBJiHTb onpeAejieHHbie MaHHnyjuiHHH 

30 o6beKTaMH npn Hcnojib30BaHHH cpaBHHTejibHO npocrax peuieHHH. IIpHMepbi TaKHX cjTynaeB 
npHBeAeHbi Ha (J)Hr. 8-10. Ha 4>Hr.8a npeACTaBJieHa cxeMa am peajiHsainm BepTHKanbHoro ABiraceHHfl 
HacTHHbi BAOJib och H^HJiHHApHHecKoro nyHKa 2 ? BHyrpH KOToporo HaxoAHTCH o6beKT 4. YAep^KHBaroie 
o6beKTa BHyTpH TaKoro nyHKa o cy mecTB JineTcn sa cneT chji aKycTHHecKoro AaBJieHHH 11, 
4)opMHpyK)Hj;iixcH b pesyjibTaTe norjiomeHHJi cpeAOH H3JiyneHHH tojibko b6jih3h CBoeo6pa3Hbix onro- 

35 aKycTHHecKHX ctchok. TaicHM o6pa30M $°P MH Py e ™ c 6 (j) OToaKy cthhcckhh (OA) xyHHejib", tojibko 
BHyTpn KOToporo Mo^ceT ABHraTbM HacTHuia. ^BEDiceHHe no BepTHKajiH Mo^ceT o6ecneHHBaTbM 
rpaBHTauHOHHbiMH cHJiaMH. TaK KaK npn norjiom;eHHH H3JiyneHH5i b6jih3h ctchok 3>A TyHHejm 
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BbmejineTCfl TenJio, to sto Mo^ceT npHBecra k 4)opMnpoBaHHK) kohb eKTHBHbix noTOKOB 22 cpe^Bi 3 5 
ycTpeMJiJHomHXCJi BBepx h BOBJieKaioninx oGteKT 4 b ABHHceHHe. 

B cxeivre (b) ABH>iceHHe oSteKTa 4 BBepx o6ecneHHBaeTca H3-3a HajiHHHH b nercrpajibHOH nacTH 
HHJiHHApHHecKoro nyHKa 2 AonojiHHTejibHoro nynica 23 ? B03AeHCTByK>iii,ero Ha o6beKT 4. ^BiraeeHHe 
5 oSteKTa 6yAeT o6ecneHHBaTbcJi 3a cneT nepnoAHHecKoro TennoBoro pacinnpeHHe o6jiyHaeMOH nacra 
noBepxHOCTH oS'beKTa. B stom cjiynae np2Moe noraomeHHe o6teKTOM jia3epHoro H3JiyHeHHJi b 
u,eHTpajiBHOH Hacra MOiceT npHBecTH k co3AaHHio peaicraBHOH t^th, o6ecneHHBaromeH npoAOJibHoe 
ABH>KeHHe oG'beKTa. Heo6xoAHMO TOJibKO oSecne^HTb yMeHbiiieHHfl hhtchchbho cth b ijempajibHOH 
Hacra nyHKa no cpaBHeHmo c hhtchchbho ctbio b6jihsh ctchok, HHane o6beKT Mo>KeT 6bitb Bbi6poineH 

10 H3 nyHKa sa cnex AOMHHHpoBai-imi aKycTHHecKHx chji b iiei-rrpajibHOH nacra. 

^BH^ceHHe b nonepeHHOM HanpaBJieHHH npn stom mo^kho o6ecneHHTb 3a cneT nepeMemerora 
ny^Ka b nonepeHHOM HanpaBJieHHH TeM hjih hhbim o6pa30M 5 HanpHMep, b pe3yjibTaTy yraoBoro 
noBopoTa nyHKa. Ha cf)Hr. 9 npe^cTaBJieHa Apyraa cxeMa MaHHnyjDiii;HH oG^eKTOM 3 npn ero 
pacnono>KeHHH b npo3paHHOH Tpy6e 1, nepneHAHKyjiapHo KOTopon nponycKaeTCJi njiocKHH jiasepHbiii 

15 nynoK 2. B stom cjiynae 4>opMHpyeTCK nJiocKaa aKycTHHecKaa BOJiHa 11, ^eHCTByioiiiafl Ha oSteKT 4. 
no ai-iaJiorHH c npeAbiAynjHMH cxeMaMH,Mo>icHO HcnojibsoBaTb ABa njiocKHX napajuiejibHbix nyHKa, 
pacnono>iceHHbix no pa3Hbie CTopoHbi oG-bercra. TaKaa cxeMa no3BOJiaeT y^ep^cHBaTb nacTHijbi b 
3aAaHHOH oSjiacTH. 3to aKTyajibHO am HCCJieAOBaHHa noTOKOB nacTHij (noTOK HanpaBjieH baojib 
onTHHecKOH och Tpy6KH) 3 hjih b 3aAanax xpoMaTorpa^HH, KanHJiJiflpHoro ajieKTpo^opesa hjih 

20 npoTOHHOH uHTOMeTpHH. Bosmo^cho TaioKe HcnojibsoBaHHe nyHKa ijHJiHHApHnecKOH reoMeTpHH, npn 
KOTopon yAep>KHBaeMaa nacTHija naxoAHTCH BHyrpH ijHJiHHApHHecKoro nyHKa. B nepneHAHKyjrapHOM 
HanpaBJieHHH ABH>iceHHe nacTHii; orpaHHHHBaeTC^ cTeHKaMH Tpy6KH 24. Bo3mo>kho TaioKe 
Hcnojib30BaHHe oceBOH reoMeTpHH jia3epHoro nynKa 2 ( noKa3aHO ny HKTHp om) , noraomeHHe KOToporo 
ocymecTBJineTC^ hjih b noraomaiomeH cpe^e, HanpHMep, b B03Ayxe, hjih b caMOM oG^eKTe. Ha 

25 o6-beKT MO>iceT 6biTb Taioice HaHeceHO cneijnajibHoe noraomaiomee noRpbirae c bbicokhm 3HaneHHeM 
K03$4>Hu;HeHTa TepMHHecKoro pacniHpeHHa. ,Hpyroe peineHHe, y>ice onncaHHoe Bbiuie, saioiioHaeTCfl b 
HcnoJib30BaHHH norJiomaiom;eM rnieHKH, Ha KOTopyio noMemaeTca oGbeier. Chjibi nopniHeBoro 
xapaKTepa 6yAyr 4>opMHpoBaTbC5i KaK b caMOH njieHKe, TaK h b cpefle nepeA 3toh njieHKOH. B 
nocjie^HeM cjiynae TenjiOBoe pacinnpeHHe cjioh norjiomaioujeH cpe^bi Sy^eT BOBJieKaTb b ^BH^ceHHe 

30 njieHKy, a Ta y>Ke 6y^eT MeHCTBOBaTb Ha oS'beKT (MO^eJib jiasepHo-aKycTHHecKoro nncTOHa). B 3tom 
cjiynae oma^aeT TpeGoBaHHe onTHHecKOH npospaHHOCTH yicasaHHOH TpyGKH. Oco6eHHO 
nepcneKTHBHO npiiMeHei-iHe no^oSHOH cxeMbi ajih TpaHcnopTHpOBKH 6HOJiorHHecKHX oSteicroB no 
TaKHM TpySKaM. noABOA H3Jiy^ieHH3i Mo^ceT ocymecTBJiiiTbCH b onncaHHOH cxeMe (Onr. 9) KaK c 
noMombK) jihh3oboh hjih sepxajibHOH oothkh, TaK h c noMoin.bio onTHHecKoro BOJioKHa. nocJieAHee 

35 MO^eT npHCTbiKOBbiBaTbCii k BHeniHefi noBepxHocra TpySKH hjih Heno cp e actb eHHO bboahtbch b 
Tpy6Ky b HanpaBJieHHH, noKa3aHHOM ny hkthp om Ha 4>Hr. 9. KpoMe TpaHcnopTHp obkh nacTHii, baojib 
Tpy6oK hjih hx yAep^KHBaHHH, noAo6Ha3i cxeMa MO>KeT Hcnojib30BaTbCH a^ ohhctkh noAo6Hbix 
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Tpy6oK, yAaJieHHH co ctchok pa3JiHHHbix otjiokchhh h 3ajiHmiiHX HacTHii;, a TaioKe b Me^HLi,HHe 11 
6HOJioraH ftsix MaHHnyjiHi^HH SH^oreHHBiMH (KJieTKH h t. n. ) hjih 3K3oreHHbiMH (Kancyjibi c 
jieicapcTaBMH) o6i,eKTaMH b cocyAax . 

npHH^nHajTbHbiM ycnoBHeM (ecuH He ncnoJib3yioTC^ jiBJieHHii onTH^ecKoro npo6oii hjih 
5 3JieKTpocTpHKii;HH) HBjmeTc;i HajiHHHe norjiomaioniieH cpeAbi, b KOTOpon HaxoAHTCH oG^eKT. Trai 3toh 
cpe^bi He HMeeT npHHipinHajibHoro 3HaHemwL npHHijHnHajibHbiM ^BHKeTCH MexaHH3M reHepaijHH 
aicycTHHecKHX rpaAiiei-rroB h BejiHHHHa chji AaBJiemra, AencTByioiAHX Ha obteitT. YcHJieHHe 
rpa/jHeHTOB AaBJieHHfl MOxceT Gbitb AOCTHrayro KaK 3a cneT yBejinneHHii 3HeprHH jia3epHoro 
H3JiyHeHH5i ? TaK h sa cneT y b e jiHHeHHH norjiomeHHfl b cpeAe, HanpHMep sa cneT BBeAeHH* pa3JiHHHBix 

10 norjiomaK>mnx Ao6aBOK. Oaho H3 TaKHx peuieHHH npeACTaBJieHo Ha $Hr. 10 rjisl ijHJiHHApHHecKoro 
nyHKa 2, BHyTpH KOToporo HaxoAHTCH o6i»eKT 2. YcHJieHHe AeHCTByroiAiix Ha Hero aKycTHHecKHx chji 
11 AocxiiraexcH 3a cneT RoGaBJiemw oAHoro H3 He cko jibkhx MOAyneH 25, o6ecneHHBaK)iii;HX 
(^opMHpOBaHHe noTOKa noraomaioiAeH cpe^ti 26 (ra3a hjih >khakocth), HanpaBJiaeMoro b o6jiacTb 
MaHHnyjraijHH o6i>eKTOM. 3th AonojiHHTejibHbie noTOKH Moryr 6biTb pa3JTHHHOH reoMeTpHH : 

1 5 uHJiHHApH^ecKOH, hjiockoh h T.n. h MOiyr HanpaBMTLC^ noA pasjiHHHbiMH yraaMH k och Jia3epHoro 
nyHKa, HanpHMep, baojib och hjih nepneHAHKyjiiipHO en, KaK noKa3ajHO Ha (J)Hr.lO. 

KaK oTMenajiocBB Bbiine, oahhm H3 Mexai-iH30B MaHHnyjraijHH HacTHn, HBjuieTCfl npoijecc 

nap006pa30BaHra ? KOTOpblH npHBOAHT K (|)OpMHpOBaHHIO MHKpOnOTOKOB, yCHJieHHBIX C nOMOIUbK) 

>icecTKHX rpaHHHHbix ycjioBHH. Ha cj)Hr. H noKasaHa OAHa H3 bo3mo>khbix cxeM p eanH3 aijHH 
20 noAo6Horo noAXOAa Ha ocHOBe HcnojiB30BaHHa orcraHecKoro BOJioKHa 18, Ha Komje KOToporo 
sapenneH HaKOHenHHK b bhac ijHJiHHApHHecKOH Tpy6oHKH 27. CHJiBHoe noraomeHHe Jia3epHoro nyHKa 
2 nocjie CBeTOBOAa 18 b npHMBiKaion^en k Topny cseTOBOAa cpeAe 10 npHBOAHT k ^opMHpoBaHHio 
nysBipen, KOTOpBie npn pacmnpeHKH 4>opMHpyioT mhkp o CTpyio >khakocth 28, npHBOA^myio oGteKT 4 
b ABH>KeHHe. B 3toh cxeMe Moryr HcnojiB30BaTBCH h Apyrae cxeMBi c onTHHecKHMH cb exoB o AaMH, 
25 npeACTaBJieHHBie Ha <J)Hr.4. fla>ice 6e3 AonojiHHTejibHOH Tpy6KH 27 ^opMnpyeTca AOCTaTOHHoii 
BejiHHHHbi cTpya, AHarpaMMa Hanp aB jichho cth KOTOpon 6yAeT, OAHaKO, HecKOJibKo innpe, neM 
noKa3aHO Ha <|>Hr. 1 1 . 

Ha (f)Hi\12 npeAcxaBJieHa cxeMa, no3BOJuiK>maji ynpaBJiHTb nojioacemieM oG^eKTa 4 Ha 
noBepxHOCTH >khakocth 3, HaxoAflmeHOi b KOHTeHHepe 29. B cjiynae cHJibHoro norjiomeHHH 
30 onTHHecKoro HSJiyneHHA 2 b ^khakocth, TenjioBbie h aKycTHnecKHe rpaAHenrbi 6yAyr (|)opMHpoBaTbCJi 

B OCHOBHOM b6j!H3H IIO B epXHO CTH >KHAKOCTH, HTO n03BOJIJieT MaHHIiyJIHpOBaTb JierKHMH o6i>eKTaMH , 

nuaBaioiAHMii Ha noBepxHOCTH hjih CJierKa norpy^ceHHBiMH b >khakoctb. npn stom Moryr 
HcnojiB30BaTbca onTHHecKHe nyHKH pa3JiHHHOH reoMeTpHH, y>ice noKa3aHHOH Ha 4>hi\2. Ha (|)Hr.l2 
noKa3aHa u,HJiHHApHHecKa^ reoMeTpra onTHHecKoro nyHKa 2, no3BOJi*noiAa5i KaK yAep>KHBaxb o6teKT b 
35 jik)6oh 30He Ha nosepxHOCTH xoiakocth, TaK h ABHraTb ero b sa^aHHOM HanpaBJieHHH. 3Ta cxeMa 

MO>KeT HCnOJIB30BaTbC5I AJI^ OHHCTKH 3 arpH3HCHHH Ha nOBepXHOCTH, B GhOJIOTHH MaHHIiyJI5IU;HH 

KJiexKaMH, b nacTHOCTH, KorAa cjioh >khakocth AOCTaTOHHO Maji h coHSMepHM hjih HecKOJiBKO 6ojibiue 
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pa3Mepa ynpaBJifleMfcix o6beKTOB, j\sir MaHHiiyjrajHH o6teKTaMH Ha noBepxHocra TBepAtix noAJio^eeK 
(HanpHMep, nojiynpoBOAHHKOBbix hjih oiithh6ckhx cTpyieryp) h T.n. 

Oahhm H3 MexaHH3Mos ynpaBJieHHa oSteKTaMH ABJiaeTCii HHAyijHpoB aHHan onraHecKHM 
HSJiyneHHeM i-ianpaBJieHna^r TenjioBaa KOHBeicijHa. B nacTHocTH, no^oGHtiii MexaHH3M MoiceT Sbitb 
5 Hcnojib30BaH b npeACTaBJiemiOH cxeMe (<DHr.l2) npn Hcnonb30BaHHH HenpepbiBHoro H3JiyHeHH5i, 
Kor^a jioKaJibHbiH noBepxHocrabra pasorpeB npHBOAHT k noflBJieHHio KOHBeicn;HOHHbix iiotokob, 
HanpaBJieHHbix KijeHTpy CBeTOBoro KOJiMja. Ha (|)Hr. 13 noKa3an Apyroii BapnaHT c Hcnojib30BaHHeM 

HGCKOJIbKHX, B HaCTHOCTH, TpeX OIITHHe CKHX nyHKOB 2. Bo3HHKaK>mafl TeiLJIOBaJI KOHBeKIJHH 22 BOKpyr 
3HX nyHKOB 2 npHBOAHT K C03tfaHHK) HanpaBJieHHblX MHKpOIlOTOKOB, KOTOpbie B OB JlCKaiOT oGbeKT 4 B 

10 ABH>iceHHe ? hjih, Hao6opoT ? y,n;ep^cHBaioT ero b ijeHTpe, KaK noKa3aHO Ha (£>Hr. 13. JSjin CTa6ujibHoro 
yAep>KHBaHM o6i»eKTOB hcoSxoahmo (JopMHpoBaTb TenjioByio KOHBeiojHfl c onpeAejieHHOH 

npOCTp aHCTBCHHOH OpHeHTaiJHeH H AOCTaTOHHOH CTa6HJIbHOCTbK). ^51 npaKTHKH MOKeT 

npeAcxaBJiHTb HHTepec cxeMa c oahhm orrriiHecKHM ny^KOM, KOTopbrii HanpaBjuieTCii Ha 30Hy bSjihsh 
o6i>eKTa ? H3 KOTopoH ero Heo6xoAHMO y^ajiHTb. J\jir stoto mokct Hcnojib30BaTbca Jia3ep c 

15 HenpepbiBHbiM pexcHMOM pa6oTbi. noAo6ra>ie cxeMbi npHMeHHMbi KaK AJia cjiynaa >khako ctch, TaK h h 
ra30B ? nanpHMep, B03Ayxa, rjik cosAaHHfl HCKyccTBeHHbix boaobopotob h «TopHaAO» nyreM BpameHira 
onTHnecKHX nyHKOB BOKpyr Bbi6paHHoro ijempa c yraoBOH CKopocTbio co ? KaK noKa3aHO CTpejiKaMH Ha 
(J)Hr. 13. B 3tom cjiynae OTAejibHbie onTHnecKHe nynKH Moryr HMeTb JiHHeHHyio (jjopMy ($Hr. 2b), 
npHHeM 3th jihhhh aojdkhbi GbiTb HanpaBjieHbi k ijempy, TaK hto (|)opMHpyK)TCH cBoeo6pa3Hbie 

20 onranecKHe Jionacra, Bpamemie KOTOpbix BOBJieKaeT cpe,ny b HanpaBJieHHoe KOHBeKijHOHHoe 
ABH^ceHHe. npH 3tom noAoGHbie 3<fxJ)eKTbi Moryr <|>opMHpoBaTbc;i KaK Ha noBepxHocra npn CHJibHOM 
nomomeHHH b cpe^e, TaK h b ee oS'beMe (npH oraocHTejibHO cjra6oM noraom;eHHH) nyreM 
cooTBeTCTByiomeH (|)OKycHpoBKH H3H3^ieHHH b Tpe6yeMyio 30Hy h npo CTp aHCTB eHHO ro 
nepnoAHHecKoro nepeMememui (cKaHHpoBaHira) orrranecKHX nyHKOB. 

25 Ha (|)Hr. 14 noKa3aH BapnaHT Hcnojib30BaHHfl onTHnecKoro HSJiyneHHii rjix coprapoBKH 

oG-beKTOB no hx njiOTHOcra h Becy. BbicoKonacTOTHaa: MOAyJifliJHfl jia3epHoro nynKa 2 no 

HHTeHCHBHOCTH n03BOJUieT B036yAHTb B IJHJIHHApHHeCKOM KOHTeHHepe 29 C OnTHHeCKH np03paHHbIMH 

oKHaMH 30 aKycTHHecKHe pe30HaHCbi Ha onpeAeJieHHbix MOAax, 3aBHcamHx ot pa3Mepa KOHTeHHepa h 
nacTOTbi MOAyJiHUHH. Ha (|)Hr. 14 noKa3aH cnynaH oahoh npoAOJibHOH moah, KorAa nyHHocra b 

30 ctoahhx BOJiHax pacnojiomeHbi naparuiejibHO TopijaM KaMepbi. B pesyjibTare nacTHHibi b 3aBHCHMOCTH 
ot mx njioTHOCTH. KOHueHTpHpyioTC^i hjih b nyHHOCTiix bojthm (ivieHee njiorabie nacTHi^bi no 
cpaBHeHHio co njroTHO cTbio cpeAbi) hjih b oSjiacTHx pa3pe>Kemiii (Gojiee njiorabie nacTHi^bi). 
YaoSctbom TaKOH cxeMbi hbjihgtch jierKOCTb ynpaBJieHHH nacTOTOH MOAyJi^UHH h B03MOH<HocTb 6ojiee 
3(|>4)eKTHBHoro B036y>igDteHHii onpeAejieHHbix moa 3a c*ieT BbiSopa pacnpeAejieHHH norjiomeHHOH 

35 3HeprHH ot noKajibHoro, HanpHMep, b6jih3h okoh hjih Ha noB epxHo cth ctchok KOHTeHHepa (cjiy^afi 
CHJibHoro norjiomeHHii cpeAOH hjih cTeHKaMH ) ao pacnpeAejieHHoro - jisin cjiynaa othochtcjibho 
paBHOMepHoro norjiomeHHH H3jryneHHa no o6i»eMy. ^JpyriiM aoctohhctbom hbji^ctch B03M05KH0CTb 
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Hcnojn>30BaHHH KOHxeHHepoB pasAHHHofi reoMeTpHH ot npocTeniiiHX (c<j)epa, ijhjihhap ) ao cjioxchoh 

KOMSHHHpOBaHHOH (|>OpMbI, B TOM HHCJie COHeTaHHe HeCKOJIbKHX IJHJIHHApOB (THna pe30HaTOpa 

rejiBMroJiBi^a), ijHJiHHApa h c<|>epbi, napajuiejiennneAOB h T.n. TaKHe cxeMBi nojiesHBi rjix ycHJieHHfl 
onpe^ejieHBix pe30HaHCOB npn coprapoBKe KaK He6HOJiorHHecKHX, TaK h SnojiorHHecKHx (kjictkh, 
5 6aKTepHH h t. n. ) o6teKTOB. ^jiji ycnjieHira pesoHaHCHbix 3(|)(J)eKTOB huh ynpaBJieHHa 6ojibhihm 
MaccuBOM nacTHii; nojie3HO HcnoJib30BaHHe nepHOAHHecKoro pacnpe^ejiHH^ hhtchchbhocth 
oixranecKoro H3JiyHeHHfl 3a cneT hbjichhh HHTep^epemjHH, rojiorpa(j)HH hjih AH(|>paKHHOHHbix 
3$(|)eKTOB. HanpHMep, HHTep^epeHijHOHHaH cTpyKTypa b BHAe napajuiejibHbix nojioc BecbMa nojie3Ha 

AJIH ynpaBJieHHH yAHHHeHHblMH oS^KTaMH C HHTeBH,HiHbIMH CTpy KTy p SMH THna XpOMOCOM, 
10 MBIUieHHBIX BOJIOKOH H T. n. IlpH 3T0M paCCTOJIHHe MQTKffy OTAejIbHBIMH HHTep(j)epeHIJHOHHbIMH 

nojiocaMH corjiacyeTCH no BejiHHHHe c paccToaHHHMH Moiety aKycTEraecKHMH pe30HaHCHBiMH 
nyHHocTOMH. Bo3MO>kho Taioice HcnonB30BaHHe h Apyrnx npocpai-icTBeHHbix reoMeTpHH, HanpHMep, 
KpyroBBix, b BH,o;e AHcfcpaimoHHoro pacnpeAejieHiui, npnneM MeTOAaMH o6pain,eHHfl KOHTpacTa 
mo>kho ao6htbc5i no^BJieHHa b u;eHTpe TeMHoro runna. IIojie3Hbi Taioice AH^paiojHOHHbie cHCxeMbi, 

15 no3BOJiflK>mHe (|)opMHpoBaTB MHo>KecTBO TOHeHHBix iiyHKOB b BHAe M03aHKH, HanpHMep, RJISL 
yzjajieHHs nacTHii, H3 30h, conpHKacaiomnxcfl c 3thmh nyHKaMH. 

TTpnrviepbi npaKTunecKOH peajiH3aijHH. 
IlpHMep 1 .OoToaKycTHHecKHH (OA) nHHi^eT (jiyquiHH npHMep) c HMnyjib chmm jia3epoM ajhi 
MaHHnyrautHH nojioiceHHeM GHOJioninecKPix MHKpoo6teKTOB (mieTOK, SaKTepHH , h t. n,). 3to 

20 ycTpoHCTBo peajiH3yeTCK Ha 6a3e eraHAapTHOH cxeMbi GnojiorHHecKoro MHKpocKona npiiMoro hjih 
HHBepTHoro THna c HMMepcneii hjih 6e3 Hee, b KOTOpOM b KanecTBe AonojiHHTejibHoro MO^yjifl rjiz OA 
MaHHnyjiimHH HcnojibsyeTCfl Jia3ep. B HHBepTHOH cxeMe MaHHnyjiaijHfl ocymecTBjraeTca nyTeM 
no^BOAa Jia3epHoro HSJiyneHHJi k npeAMeraoMy CTOJiHKy CHH3y. B KanecTBe cpe^ti Hcnojib3yK>TC5i 
cTaH,n;apTHbie $H3HOJiorHHecKHe BOAHbie pacTBopw. B KanecTBe npHMepa moacho oTMeraTb 

25 HcnoJib30BaHHe KOMMepnecKOH ycTaHOBKH The Cell Robotics LaserScissors 390/20, b KOTopoM 
asoTHbin Jia3ep, npeAHa3HaneHHbiH jxnn npoBe^eHHH mi iKp oxnpy p rH x ie ckhx onepaijHH, MoxceT Taioice 
Hcnojib30BaTbC5i am MaHHnyjian.HH HacTHii;aMH. IlapaMeTpbi Jia3epa: 337 hm, 3Heprna b HMnyjibce 1-20 
mk^>k, AJiHTejibHOCTb Jia3epHoro HMnyjibca 3-4 hc, nacTOTa noBTOpeHHH 1-20 Tn. SHepraa 3Toro 
3Toro Jiasepa AoeraTOHHa MaHHnyjumHH ManbiMH nacTHijaMH h KJieTKaMH c pa3MepoM ao 

30 HecKOJibKHx AecOTKOB mkm. A30THMH Jia3ep Hcnojib3yeTCJi xaioice rjw HaKaHKH Jiasepa Ha KpacHTejie, 

AJIHHa BOJ1HBI KOTOporO B 3aBHCHMOCTH OT HCnOJIb3yeMOTO KpaCHTeJIJI MO>KeT Jie>KaTb B IHHpOKOM 

cneKTpaobHOM AHana3one ot yjibTpa^HOJieTOBoro ao Gjnomero HH(|)paKpacHoro (365-900 hm). B 

HaCTHOCTH, A^HHa BOJIHbl C KpaCHTejieM BBQ paBHa 390 HM. IlOBblUieHHe 3(j)4>eKTHBHOCTH 

MaHHnyji5Hj,HH Mo>KeT 6biTb AOCTHrHyTO 3a cneT y b e JiHHeHHH noraomeHHe b BOAe nyTeM AoGaBJieHHH 
35 pa3JiHHHbix KpacHTejiH, b HacTHOcTH TpnnaHa rojiySoro, MeTHJieHa rojiy6oro h mhofhx Apyrnx, 
HcnoJib3yeMbix b Shojiofhh. K KanecTBe npHMepa Ha 4>^r.l5 noKa3aHO CMemeHHe cTeKJHiHHbix h 
noJiHMepHbix nacTHi^ c pa3MepoM ot 5 ao 20 mkm b BOAe noA AeficTBHeM aKy CTHHe ckhx h 
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COnyTCTByiOmHX 3(J)(J)eKTOB, HHHI^HHpOBaHHblX Jia3epHbIM B03AeHCTBHeM Ha ^JlHHe BOJIHBI 390 HM. 

JIasepHbiH c(J)OKycHpoBaHHbiH nynoK (nocjie HMMepcHOHHoro MHKp o o6t eKTHB a) BBirjia/jHT Ha 4>oto 
cBexJibiM h pa3Mep ero cocTaBjraeT okojio 6-8 mkm. Bhaho, hto iiomhmo o6mero pa36eraHHH nacTHii; , 
HeKOToptie, KOTopbie HaxotfHJiHCB b KOHTaKTe ao B03AeHCTBHK 3 JierKO OTAeji^ioTca Apyr ot Apyra. 
5 AHajiorHHHtie pe3yjibTarbi 6bijih nojiyneHBi no CMememno KJieTOK KpOBH. Oahh hjih hcckojibkho 
jia3epHBix HMnyjiBCOB nosBOJiJiJiH JierKO otagjihtb kjictkh Apyr ot Apyra (hjih ot noAJioxacH), ecjin ohh 
conpHKacanHCb ao stoto, hjih, Hao6opoT, HanpaBHTb hx Apyr k Apyry. TnnHHHoe CMememie nocne 
oAHoro jia3epHoro HMiryjibca cocTaBjumo 10-20 mkm. HcnoJiB30BaHHe no c Jie aob aTejibHo cth 
HMnyjibcoB no3BOJiHJio ABHraTb oS-beKTBi b Tpe6yeMOM HanpaBJieHHH nyTeM H3MeneHH5i opneHTaijHH 
10 jiasepHoro nyHKa. Bbmo OTMeneHo, hto b pexcHMe noBTopeHna HMnyjiBCOB nepes HenpOAOJUKHTejiBHoe 
BpeMH B03HHKajiH HeGojibimie KOHBeKUHOHHbie noTOKH, KOTopbie cMem;ajiH kjictkh b Apyryro CTOpOHy 
ot Jia3epHoro naraa. Rim ycHJieHHS sfydpeKTa b BOAy Ao6aBjnuiC5i He6ojibinoe KOJinnecTBO TpnnaHa 
rojry6oro, KOTOpbiii OAHOBeMeHHO no3BOJiaji oijeHHBaTb B03MO)KHoe noBpe>KAeHHe KJieTKH. B 

HaCTHOCTH, npH (|>OKyCHpOBKe H3JiyHeHHfl B oSjiaCTB B6JIH3H KJieTKH npH OTMeHeHHblX ypOBHHX 

15 3HeprHH KaKHX-JiH6o ee noBpe>KAeHHH BBiaBJieHO He 6bmo. flpyron nyTb 3aKJiK>HaeTCJi b 
Hcnojib30BaHHH jia3epoB c ajihhoh bojihbi, KOTOpasi 3HaHHTejibHO noraomaeTCii b HcnojibsyeMbix 
>kiiakoct>tx h pacxBopax. HanpHMep , b cjrynae boabi, 3to mo)kct 6biTb rojibMHeBbiH na3ep (2,1 mkm). 
TaKHM o6pa30M ? b cymeTCByiomHe onriraecKHe nHi-meTBi c oahhm hjih AByMJi Jia3epHbiMH nynaMH 
JierKO Moicex 6bitb BCTpoeH a o n o jih htc jib hbi h MOAyJiB OA MaHnnyjiainHH c jikdGbim HMnyjibCHbiM 

20 jia3epoM 5 HanpHMep, c yjibTpaKopoTKOH AJinre jibho ctbkd b nHKoceHAHOH hjth c|) eMTO c eKy hahoh 
o6jiacTJix, rAe 3 <|) cj)eKTHBHO ctb reHepai^HH aicy cTHHe ckhx bojih, b tom HHCJie GjiaroAapa onTMecKOMy 
npo6oio hjih 3(J)(|)eKTy jiOKajiBHOH TepoMOAecTpyu;HH ? pesKO B03pacTaeT. IIomhmo y>ice paHee 
np e ACTas ji e h hbix reoMeTpHH BsaHMHOH opneHTaijHH jiasepHoro nynKa h ooteKxa (<J)Hr.2) c JiynniHM 
npHMepOM c KOJibii;eBOH reoMeTpneii (4>nr. 2b), nynoK MO>iceT 6biTb HanpaBJieH HenocpeACTBeHHO Ha 

25 o6-beKT c 4>oKycoM, pacnojiomeHHbiM nepeA oSbcktom, TaK hto pac^oKycnpoBaHHoe H3JiyneHHe c 
cynjecTBeHHo ocJiaGjieHHOH HHTeHCHBHocTbio, nonaAaa nocjie (J)OKyca Ha o6i>eKT, yace He bhocht 
KaKHX-jin6o noBpOKA^HHH. 

IlpHMep 2. OA nHHijeT c HenpepbiBHbiM jiasepOM a^ MaHHiryjumHH noJioaceHHeM 
6HOJiorHHecKHX o6BeKTOB (KJieTOK, 6aKTepHH h T.n. ). OTJiHHHeM AaHHOH cxeMti ot npeAbiAyn^efi 

30 HBJTfleTCii HcnoJiB30BaHHe b KanecTBe hctohhhkob n3JiyHCHH5i jia3epoB 6jiit>KHero HH(J)paKpacHoro 
AHana30Ha, b h acTHO cth, nojiynpoBOAHHKOBbix jra3epoB c AJiHHaMH bojih 750-990 hm hjth 
HeoAHMOBoro Jia3epa c ajihhoh bojihbi 1,06 mkm h moiahoctbio 10-300 mBt. noraomeHHe 

GoJIblHHHCTBa SHOJIOTHHeCKHX o6BeKTOB B 3THX AHana30HaX MHHHMaJIbHO, HTO HBJUieTCil 

AonojiHHTejibHbiM nojio>KHTejibHOM 4>aKTOpOM, CHEcacaiomHM, b HacTHOcra, b ep oktho CTb noBpe>KAeHH5i 
35 oGteKTOB npH OA MaHHiryji^mHH npn hx cjrynaHHOM np^MOM o6jT3^ieHHH. ^aHHaa cxeMa MoxceT 6bitb 
peaJiH30BaHa Ha 6a3e ko MMepne ckh AocTynHbix MOAenen CTaHAapTHbix onTHHecKHX nHHu;eTOB, b 
MacTHOcra, moasjih LaserTweezers 980/1000 (Cell Robotics, Inc). IIpHHii.Hn AeHCTBHa noAo6Hbix 
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CHCTeM ocHOBaH Ha cosAaHHH onTHHecKHx rpa^HeHTHbix chji 6jiaroAapH 3<j)(|>eKTy AaBJieHHJi CBeTa. 
OTJiHHHe 3aKJiioHaeTC^ b AoSaBJieHHH k 3toh CHCTeMe 3JieKTpoonTHHecKoro MOAynaTopa am 
MOAyJiHu,HH HHTeHCHBHOCTH Hcnonb3yeMbix jia3epoB b AHana30He nacTOT coTeH MTij h co3AaHHJi 
TaKHM o6pa30M Heo6xoAHMoro Rim <3>A MaHHnyjraijHH BbicoKOHacToraoro yjn>Tpa3Byica. OG'beKTBi h 
5 cpe^a Te >ice, hto h b npHMepe 1, npmeM ycHJieime aKycTHnecKoro AaBJieHH*, B cjrynae 
Heo6xoAHMOCTH 5 RocTWT&eTCK tzdkg 3a. chct BeAei-rafl b pacTBop pa3JTHHHbix noraomaiomHX AOSaBOK. 
HanpHMep, npn HcnoJib30BaHHH no jry np ob o ahhkob oro jra3epa b KanecTBe TaKOH Ao6aBKH mo>kho 

HCnOJIB30BaTb HHAHUHaHHH 3eJieHbIH B KO JIHHCCTB 6 0,01-0,2 %, HMeiOIUiHH MaKCHMyM nOJIOCBI 

norjiomeHHfl b paiione 800 hm. B o6ohx y CTp ohctb ax npome Bcero peann3yexcji cxeMa c oahhm 
10 Jia3epHbiM nyHKOM b ceneHHH Kpyrjion <|)opMbi ($Hr.2a) hjih b BH^e cbctoboh jihhchkh ($Hr.2b) 3a 
cneT AoSaBJieHHa l^hjikhaphhcckoh JiHH3bi k ochobhoh onraHecKOH CHCTeMe. OopMHpOBaHHe 
HecKOJibKHx onTHnecKHx ny x iKOB AOCTHraeTca c noMombio xoponio H3BecTHbix cxeM c 
Hcnojib30BaHHeM cHCTeMbi AeJiHTejibHbix 3epKaji 5 hjih AH(t>paKiiHOHHbix C xeM[19 ]. IlepcneKTHBHa 

KOMDHHaiJ,™ 060HX THITOB nHHI^CTOB (OELTHHeCKOrO H <DA) C IjeJIblO paCHIHpeHHfl HX B03MO>KHOCTeH. 

1 5 BbiJio o6Hapy>KeHo 5 hto Aa>Ke 6e3 MOAyJiflH,™ h npn oTcyTCBHH AoSaBOHHbix KpacHTejieM, noraomeHHe 

H3JiyHeHH5I B BOA© IIpHBOAHT K (|>OpMHpOBaHHIO TeJIOBBIX KOHBeKTHBHblX nOTOKOB, KOTOpbie MO>KHO 

Hcnojib30BaTb rjix yAajieHH^ kjictok H3 toh huh hhoh oGnacTH. TaKHM o6pa30M mo>kho nepeMecraTb 
OAHy KJieTKy k Apyrofi, 3axBaneHHOH oSbiHHbiM orrraHecKHM iihhij;ctom 

IIpHMep 3 . OnTOBOJiOKOHHoe ycTpoHCTBO aji>i MaHHiryjiaiXHH SnooSBeKTaMH («<t>A xjibict»). B 
20 3tom y CTp ohctb e b cj)H3HOJiorHHecKH pacTBop noMemaeTca kohcu onTHHecKoro BOJiOKHa, 
BbinojiHeHHoro H3 KBapi^a, c noJiHMepHbiM noKpbiTHeM h AHaivieTpoM ot 60 ao 800 mkm. Ha6nK>AeHHe 
3a npocTpaHCTBeHHbiM nono^ceHHeM KOHija BOJiOKHa b pacTBope h MaHHiryjiHpyeMbix MHKpoo6i»eKTOB 

MOKeT OCymeCTBJlHTbC^ C nOMOIAbK) CTaHAapTHblX MHKpOCKOIIOB . JJjltt np O CTp aHCTB eHHOH 
MaHHnyJIJHJ,HH o6l>eKTaMH BOJiOKHa MO>KeT 6bITb >KeCTKO 3a(|)HKCHpOBaHO C nOMOIAblO 

25 AonojiHHTejibHoro Aep^caTejia, a Heo6xoAHMoe npocTpaHCTBeHHoe nepeMememie o6ecneHHBaeTCH 

nepeABH>KHbIM CTOJIHKOM, Ha KOTOpOM HaXOAHTCil 06BCKT. B KaHeCTBe HCTOHHHKa H3JTyHeHHfl 

Hcnojib3yeTC5i HMirynbCHbiH HeoAHMOBbiH Jia3ep co oneAyioiAHMH napaMeTpaMH: AJiHHa bojihbi 1,06 
mkm, AHana30H 3HeprHH 10" 7 -10" 4 JSpa, AHana30H AJiHTenbHocTeH HMnyjibca 10" 4 -10' 8 ceK. JJjix 
yBejTHHeH™ norjiomemra b pacTBop MO>Kex AoSaBJiOTbca MenKOAHcnepcHbiH noponioK, 
30 npHroTOBJieHHbiH H3 MeAHUHHCKoro yraa. B 3KcnepHMeHxajibH0M MaKeTe Hcnojib30BajicH 
KBa3HHenpepbiBHbiH hcoahmobbih Jia3ep «LaserPhotonicsc» c MHHHMajibHbiM BpeMeneM 3Kcno3HU,HH 

100 MC H MaKCHMaJIbHOH MOUTHOCTBIO AO 100 Bt. H3JiyHeHHe nOABOAHJIOCb K MHKpOo6 r beKTaM c 

noMoiAbio onTH^ecKoro KBapu;eBoro BOJiOKHa A^aMeTpoM 600 mkm. Bbijio o6Hapy>KeHO, mto HanGojiee 
3cj)cj)eTHBHbiM MexaHH3 mom OA MaHHnyjiHU(HH npH yKa3aHHbix Jia3epHbix napaMeTpax hejihctch 
35 npomecc napooGpasoBaHHH Ha TOpue BOJiOKHa. B hhctoh boa© oh B03HHKan npn moiahocthx Bbiine 60 
Bt. B npouecce HccneAOBaHHH ajt^ ycnjiei-iH5i oTMeneHHbix 3(J)$eKTOB b bo Ay Ao6aBjimcH mcahbih 
Kynopoc b Manbix KOHii,eHTp aijHsix . Etpn stom npouecc o6pa30BaHH*i MHKpoony3bipen h MHKpocTpyM 
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noTOKOB Ha KOHije BOJiOKHa cTaHOBHJiCH 6ojiee CTa6HJibHbiM. Ohi\ 16 HJiJiiocTpHpyeT cjiynafi 
ABH>iceHHH cTeKJi^HHOH nacTHijbi pa3MepoM 100 mkm, HaxoAHmeftcH Ha flHe nanieHKH c boaoh b6jih3h 
KOHLja BOJiOKHa. OAHOKpaTHoe jiaaepHoe B03AeHCTBHe npH mohi,hocthx 1- 5 Bt (np o AOJDKirre jibho ctb 

100 MC) npHBO^HHO K CMeiljeHHIO HaCTHI^BI Ha paCCTOHHHe OT AeCflTKOB HeCKOJIBKHX COT6H MKM. 

5 IIpH AaJitHeMineM yBejiiiHemiH moiiihocth H3JiyHeHHJi b ciuiy pe3Koro ycHJieHHH npoijecca B3pBiBHoro 
napoo6pa30BaHHH 3(f>^eKTHBHOCTt MaHHnyjiHiiiHH 3HaHHTejiBHO B03pacTana 5 b pe3yjibTaTe Hero 
HacTHijBi yAanajiHCb ot BOJiOKHa co 3HaHHTejibHbiM ycKopeHHeM. Bbijt oSHapy^ceH TaioKe o6paTHBiM 
3cj)(|)eT ? Kor^a npw HanajibHOM pacnojiOKerara nacTHij; BAaJiH ot KOHija BOJiOKHa Ha paccTOHHHH 
HecKOJiBKHX cot mkm oAHOKparaoe Jia3epHoe B03AencTBHe npHBO^HJio k ABiDKeHHio Hacrau; no 
10 HanpaBneHHio k BOJioKHy. 3tot severer Mo^ceT 6bitb oStJicHeH TeM, hto c yBejiHHemieM paccTOAHHJi 

34>(j)eKT OTTaJTKHBaHH5I OCJia6jIfleTCiI 3 B TO BpeMil KaK 3C|)(|)eKT npWTSDKQlMSL Hacran; B03pacTaeT. 

Bo3MO>KHoe oStflCHeHHe MexaHH3Ma nocjieAHeHro s^gktsl 3aKJnoHaeTca b pe3KOM abpokchhh 
>khakocth no HanpaBJiei-imo k BOJioKHy b momcht cxjionbiBamia ny3bipefi okojio Topija BOJiOKHa. 

IIpHMep 4. MaHHnyjiHi^HH nacTHij b Tpy6ax no cxeMe Ha Onr. 9 . B KanecTBe hctohhhkob 
15 mnyHcmm MoryT Hcnojib30BaTbca pasJiHHHbie Jia3epti ? b nacTHocTH, HMnyjib chbih a30THbiii jiasep, 
onncaHHbiH Bbinie, c ijHJiHHApHHecKOH JIHH30H. Ha (J)Hr.l7 npe^cTaBJieHbi pesyjibTaTbi Hcnojib30BaHira 
onncaHHoro b npeAbi^ymeM npHMepe KBa3HHenpepbiBHoro Heo^HMOBoro Jia3epa npn MamiiiyjiimHH 

HaCTHU,OH flHaMeTpOM 100 MKM B Tpy6Ke AHaMeTpOM 1,2 MM, 3anOJIHeHHbIH BOflOH c HeSoJIbHIOH 

KOHii^eHTp au^HCH MeAHoro Kynopoca. JSjiz noABOAa H3Jiy*ieHHfl bojiokho HenocpeACTBeHHO 
20 npHCTbiKOBbmajiocb k BHeniHeH cTeHKe TpySKH. B pe3yjibTaTe OAHOKparao bosaghctbhh Hacraua 
CMemajiacb npuMepno Ha hcckojibko coTei-i mkm. npH OTHocHTejibHO cjia6oM norjiomeHHH ABH>iceHHe 
nacTHij 6biJio baojib onTHHecKOH TpySKH, b to BpeMK KaK npH 3HaHHTejibHOM norjiomeHHH HaCTHI^a 
nepeMemajiacb ot ctghkh k ctchkh 3a cneT JioKajiH3an;HH npoijecca TenjiOBbiAejiemiii b o6jiacTH 

np0THB0nOJlO>KHOH TOpIiy BOJiOKHa. npH BBeAeHHH BOJiOKHa BHyipb TpySKH 3(J)(|>eKT MaHHIiyJIilUHH 

25 6biji 3HaHHTejibHO 6ojiee Bbipa^ceHHbiM h nosBOJira 6es TpyAa nepeMemaTb nacTHijbi pa3MepoM 500 
mkm npH moiijhocth nynKa 10 Bt (Onr. 18). ripn AaJibHeiraieM yB e jihhchhh mohjhocth 3(J>$eKT 
ycHJTHBajToi, h HacTHU,bi 6yKBajibHo KaTanyjibTHpoBajiHCb H3 oGjiacTH pacnojioxceHHfl KOHu;a BOJiOKHa 
Ha paccTOHHHe 10-20 mm h 6ojiee. KaK h b npeAbiAymeM npHMepe, npn HanajibHOM pacnojio^ceHHH 
nacTHu; BAajiH ot BOJiOKHa nocjie Jia3epHoro HMnyjibca ohh 6bicTpo nepeMemajicHb no HanpaBJieHHio k 

30 BOJioKHy, nppineM 3to ABiixceHHe i-iaHHHajiocTb c paccTOHHHH npHMepHO 15-25 mm. 

IIpHMep 5. OA ycTpoHCTBO aji^ MaHHnyjumHH oG'beKTaMH c HcnojibsoBaHHeM aKycTHHecKOH 
jiHH3bi. B ocHOBe pa6oTbi 3Toro ycTpoHCTBa Jie^cHT npHHi^Hn aKycTHnecKoro nHHii;eTa ? b kotopom 
ocymecTBJineTC^ 3axBaT nacTHix b6jih3h 4>OKyca CTaHAapTHOH aKycraHecKOH JiHH3bi. Oaheko jxsisi 
co3AaHHH BbicoKonacTOTHbix aKycTH^ecKHx KOJieSaHHH Hcnojib30Banc5i OA 3(|)4)eKT b noniomaiomeM 

35 noKpbiTHH Ha BxoAe stoh jihhsbi. IlapaMeTpbi jiHH3bi (Onr. 3b): u;hjihhap H3 can^npa (MaTepHan 
A1?0 3 ) c tohkoh norjioiAaioiuieH njiei-iKOH H3 okhch i^HHKa, Hcnojib3yeMOH b oGmhhom pe>KHMe rjik 
npneMa h reHeparpiH aKycTHnecKnx KOJie6aHHH. 3Ta njieHKa oGjiy^aeTCH HSJiyneHHeM HMnyjibCHoro 
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HeoAHMOBoro Jia3epa co cjie^yioinHMH napaMexpaMH (cm. onncaHHe b [20 ]): ^jiHHa bojihbi 1,06 mkm, 
AJIHxcjibhocxb OAHoro HMnyjitca 200 nc, paccxosmie MOKAy otacjibhbimh HMnyjitcaMH 5 hc (to ecxB 
ocHOBHaH nacxoxa npHMepHo 200 MTu;), nojiyniHpHHa oahoto naKexa HMnyjibcoB 200 hc h nacxoxa 
ero cjieaoBaHHH 2,7 kTu;. Pa^Hyc aKycxmecKOH JIHH3BI 200 mkm. IIpH Jia3epHoft reHepaijHH Y3 bojih, 
5 KpoMe ochobhoh onxHHecKOH nacTOTbi bo3Mo>kho o6pa30BaHHe 6oJiee BBICOKHX rapMOHHK, B 

HaCTHOCTH, HeTBepTOH - C HaCTOTOH OKOJIO 800 MTlJ. CeJieKE[HH KOJieSaHHH MO^CeT OCymeCTBJIHTJbC^ 3a 

cnex Bbi6opa pa3MepoB aKycTiraecKOH jihhsbi. IIpH yK33aHHOM pa^Hyce ^aHHaa JiHH3a o6ecne i »iBaex 
(|)OKycHpoBKy aKycTHHecKHX KOJie6aHHfi ? hhhijhhp OBaHHBix onHcaHHfciM Jia3epoM, b boahoh cpe^e b 
iiotho npHMepHo pa3MepoM 2 mkm. Bo H36e^caHHH JiyneBoro paspyuieHiw noraoiAaiomero noKpBixHJi 
10 MomHocTb H3JiyHeHH5i He AOjracHa npeBBiuiaxB 2 kBt. O^naKo 3to He aBjinexcji o6ii3axeJiBHBiM, 
nocKOJiBKy He Kacaexca B03AeHCTBH5i Ha caM o6i>eKT. IIosxoMy renepauHH aKycranecKHX KOJieGamiH 
B03M0>KHa 3a cnex o6pa30BaHHH unasMhi Ha tiob epxHo cth norJioiii;aioiii;eH MHineHH. IIoAoSHaH 
cncTeMi>i nosBOJmex (J)opMHpoBaTB aKycTHnecKue KOJieSaHHsr b iiihpokom Anana30He nacTOT ot 50 
Mrix ao 2 ITU 

15 TIpXIMep 6. <DA yCTpOHCTBO C OIIXHHeCKHM ^OpMHpOBaHHeM H3o6pa?KeHHH aKyCTHHeCKOH 

JTHH3BI b BOAe. KaK y>Ke oxMenajiocB paHee, b npHHimne bo3Mo:>kho oiraraecKoe ^opMHposaHHe 
TpexMepHoro H3o6pa>KeHHH i^HjiHHApHnecKOH aicycxHHecKOH jihhsbi HenocpeACTBeHHo b BOAe, 
HanpHMep, 3a cnex ijejieHanpaBJieHHoro Hcnojn>30BaHH5i a6eppau(HOHHbix hjih roJiorpatj)HHecKHX 

3^<})eKTOB. IIpH 3TOM HeT npHHU,IinHaJIBHBIX TeXHHHeCKHX orpaHHHeHHH (3a cnex 3JieKTpO-OnTHHeCKOH 

20 MOAyJiHUHH jia3epHoro H3JiyHeHHH ) Ha ^opMHpoBaHne aKyenraecKHX KOJieoaHHH c nacxoxon 3,5 
MTU (KaK b aKycTH^ecKOM nHHijexe [14 ), Koxopa* ao cxaTOHHa ajih saxBaTa h MaHHnyjiflUHH 
nojiHCTepojioBBiMH HiapHKaMH pa3MepoM ao 0,2 mm [14]. npH 3tom ajih ycTOHHHBOCTH 3axBaTa 

MO>KHO HCnOJTB30BaTB BCXpeHHyiO reOMeTpHK) AByX JTa3epHBIX IiyHKOB H CO OTB eTCTByiOlUHX OA JIHH3. 

flpyraM perneHHeM jiBJiaexcji HcnojiB30BaHHe AByx ijHjiHHApHHecKHx ny^KOB c B3anMHo 

25 nepneHAHKyji^pHOH opneHxaijHeH Apyr oxhochxcjibho Apyra. 

TlpHMep 7. «<E>A TyHHejiL». B KanecxBe HcxoHHHKa H3JiyneHHH HcnojiB3yexcfl oxho chxcjibho 
Momi-ibiM HMnyjiBCHBifi Jia3ep Ha yraeKHcuoM ra3e, niHpoKo npiiMeroieMLiH rjw o6pa6oTKH pa3JiHHHBix 
MaxepHajiOB. Ero napaMexpti: AtfHHa bojihbi 10,6 mkm, nacxoxa noBxopeHHH HMnyjiBCOB ao 100 Tij, 
cpeAHM mohjhocxb ao 2 kBt. B TaKOM Jia3epe c^opMHpOBaHa uraHHApHHecKaK reoMeTpHK jia3epHoro 

30 nyHKa c BHemHHM AHaMexpoM 5-1 0cm h BHyxpeHHHM - 4-8 cm. Taica^ reoMexpra jierKO AocxHraexc^ 3a 
cnex HcnojiB30BaHH>i Henpo3paHHOH i^eiixpajiBHOH AHacf>parMBi, 3KpaHHpyioiuieH tojibko i^eHxpanBHyio 
nacxB nyHKa. IIoAo6Ha>i reoMexpHH MomeT 6bixb AOcxHrayxa sa cnex H3MeHeHna napaMexpoB caMoro 
pesoHaxopa, xoxii BHeniHee ynpaBJieHHe npeAnonxHxejiBHee. B CHjiy noraoiAeHEUi H3JiyHeHHH xaKoro 
Jiasepa b B03Ayxe Ha MOJieKyjiax yraeKHCJioro ra3a h napax boabi ^opM^pyJOT^ 3HanHxejiBHBie 

35 aKycxHHecKiie KOjie6aHH£, KoxopBie mo>kho Aa>Ke ycjiBimaxB. IIoAo6HaH CHcxeMa no3B0JiaeT 
3axsaxBiBaxB h yAep>KHBaxB BHyxpn Jia3epHoro n^^iKa oxhochxcjibho JierKHe npeAMexBi XHna 
He6ojiBiuoro B03AyuiHoro mapa hjih JierKiix nnacTMaccoBBix H3AenHH. 3xo moicho HcnonB30BaxB b 
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reoAe3HH ? TearpaJibHbix hjih peiuiaMHbix uejuix. ^sroiceHHe baojib TaKoro CBoeoSpasHoro OA TOHHejra 
npH BepTHKajitHOM pacnojroKeHHH nasepHoro nyHKa MOicex 6bitb Bbi3BaHO TeruiOBOH KOHBeKiiHen. 
Bo3mo>kho Taic«ce nepno^mecKoe nepeKpbmaHHe ijCHTp ajiBHOH nacTH nynica 3a cneT, HanpHMep, 
KOJie6aHHH yKa3aHHOH AHac|)parMBi . IIpH 3tom ^bedkchhc 6yAeT co3AaBaTBca 3a cneT nepHOAHnecicoro 
5 xenjioBoro pacinnpeHHH oSjiy^aeMOH Hacra oSteKTa. Ecjih nacTHHHoe jiyneBoe nopa>Keroie o6teKTa He 
onacHO, to ABmiceHHe o6i»eKTa BBepx bo3mo^cho 3a chct onncaHHOH paimee peaKTHBHOH chjibi, 
(JjopMHpyeMOM H3-3a 3(j)<£eKTa OT^anH npn HcnapetiHH npoAyKTOB jia3epHOH a6juni,HH hjih imasMeHHBix 
34>4>eKTOB Ha noBepxHOCTH o6teKTa. J\jisi H36e>icaHHJi noBpeiacfleHHfl caMoro o6i>eKTa oh MO^ceT 6mtb 
noKpBiT cneupiajibHbiM oTpaacaioiiiHM noKptiraeM hjih noMeqeH BHyrpt cneu;HajibHOH 3amHTHOH 

10 Kancyjibi. J\jik ycHJieHHH norjiomeHra, mo>kho BocnojiBSOBarbCJi Ao6aBJieHHeM b ocHOBHyio cpeAy 
pa3JiHHHBix norjiomaioiUHx AoSaBOK. HanpiiMep, b cjiynae Hcnojib30BaHH5r onncaHHoro Jia3epa ? b 
B03,ayiiiHyio cpe^y mo>kho BAysarB ra3 SF, o6jiaAaK>uiHH oneHB chjibhbim norjiomeHHeM H3JiyneHH5i c 
AJihhoh bojihbi Jia3epa Ha yraeKHCJiOM ra3e. Mchbihhh 3<j)(|)eKT ? ho Taioice BecbMa oiuyTHMbiH, MoiceT 
6biTb AOCTHrHyT 3a cneT BAyBaHHJi napOB boam b jia3epHBiH nynoic, HanpHMep, 3a chct TenjioBoro 

1 5 HcnapeHHa BOAbi, npnneM rtlsi 3Toro mo>kho BOcnojibSOBaTBCfl H3JiyHeHHeM Toro >ice jia3epa. IIoAo6HBie 

CHCTeMBI BeCBMa nepCneKTHBHBI m& MaHHIiyJIflllHH pa3JIHHHBIMH arpeCCHBHblMH XHMHHeCKHMH 

cocahhchhjimh., npn pa6oTe c xhmhhg ckhmh peaKTOpaMH h t. n. hjih b Me^Hi^iiHe fljia nepeMemeHiui 
cTep h jih3 o b aHHBix npenapaTOB b OTcy tctb hh MexaHHHecicoro KOHTaKTa c hhmh. PacneTBi noKa3biBaioT 5 
hto npn Hcnojib30BaHHH cyiAecTByjoiAHX b npoMbiiinieHHOCTH raso-AHHaMHHecKHx jia3epoB Ha 

20 yraeKHCJiOM ra3e c moiiijhoctbio ao hcckojibkhx cotch kBt BnojiHe B03MO>iCHa TpaHcnopTHpoBKa 
OTHOCHTejibHO jierKHX npe^MeTOB BecoM b ^ecOTKH h ? bo3mo^echo 5 cothh rpaMM Ha paccTO^HHe AO 
HecKOJiBKHx coTeH MeTpoB. TaKHM o6pa30M 5 c noMombio npeA-naraeMoro H3o6peTeHHJi BOSMo^cHa OA 
jieBHTau.HH pa3JiHHHbix npeAMeTOB B03Ayxe. B cjiynae HcnoJiB30BaHH5i HH(|)paKpacHoro HeBHAHMoro 
AJifl rjia3 Jia3epHoro H3JiyHeHHa ajih nocropoHHero Ha6jiK>AeHHJi MexaHH3M TaKOH JieBHTan,HH 6yAeT 

25 HeoneBHAeH, hto mo>kho HcnojiB30BaTB b TeaTpajibHbix h UHpKOBBix npeACTaBJieHirax. 

ELpHMep 8. OnTHHecKaa MaHHnyjran.H5i o6i>eKTaMH Ha noBepxHOCTH TBepAbix Teji. B KanecTBe 

oS^eKTOB MOryT HCnOJIB30BaTbC5I 3JieMeHTbI MHKpOSJieKTpOHHKH HJIH OnTHKH, KOTOpBie 6eCKOHTaKTHO ? 

to ecT& b OTcy tctb hh B03MO>i<noro 3arpH3HepiH*r, nepeMeujaiOTCfl no noBepxHOCTH cooTBeTCTByiomeii 
no a Jio>kkh . B KanecTBe HCTOHHHKa H3JiyHei-iHH u;ejiecoo6pa3HO Hcnojib30BaTb Jia3ep c MHHHMajibHbiM 

30 noraomeHHeM b noAJioaace bo HsGe^caHHH ee bosmo^choto onTH^ecKoro noBpe^ECAeHHH. HanpHMep ? b 
cjiynae noAJio>KKH H3 nojiynpOBOAHHKOBBix MaTepnajioB, b HacTHocra, repMaHH^, u;ejiecoo6pa3HO 
Hcnojib30BaTb HeoAHMOBbiH Jiasep c napaMeTpaMH, aHajiorHMHBiMH onHcaHHBiM b npHMepe 2. fljT5i 
nepeABH^<eHHH MHKpooS'beKTOB b Hy>KHOM HanpaBJieHHH no noB epXHO cth noAJio^ocH Han6ojiee 
noAXOAHT pacnpeAeneHHe cbctoboh SHeprHH b bhrq nojiocKH pa3MepoM 20mkm Ha 3 mkm. ^jih 

35 o6jierneHHH ManpinyjiHUHH Ha noB epxHO ctb mo>kho HanecTH tohkhh cjioh hchakocth. 

npHMep 9. OnTHHecKaa MaHHnyjian.H^ o6beKTaMH Ha noBepxHOCTH ^khakoctch b cootbctcbhh 
co cxeMOH Ha <\mr. 12. B KanecTBe HCTOHHHKa H3JiyHeHHa Hcnojib3yeTCH jiasep Ha yrjieKHCJioM ra3e 
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«Sharplan 150XJ», paSoxaroiAixM KaK b HenpepbiHOM pe>KMMe c MaKCHMajitHOH Monn-iocTbK) ^o50 Bx, 
TaK h b HMnyjibCHOM pe>KHMe npH ^JiHTejibHocTH HMnyjibca ao HecKOJitKHX mc. KoJibneBaa reoMeTpHH 
nyMKa ^opMHpyexc^ 3a cnex noMemeHna BHyrpt nyHKa Henpo3pa x iHOH KpyraoH AHacj)parMbi. TaKHM 
o6pa30M oSecneniiBaeToi KOJibneBaa (J)opMa nynKa, c BHyxpeHHHM AHaMexpoM ox 1 ao 10-15 mm h 
5 uiHpHHoM KOJibna 1-3 mm. H3-3a 3HaHHTejibHoro norjiomeHHH boaoh c noMombio TaKoro Jia3epa 
peajiH3yeTCH AByMepHaa MaHHixyjiflLnra no noBepXHOCXH boabi. Taic, HanpiiMep, b HMnyntCHO- 
nepnoAHHecKOM pe>KHMe y^aBaiioci, 3axBaxbiBaTb JierKHe miaBaioinHe nacTHijbi rana KycoHKOB 
AepeBa, pesHHbi, rmacxHita c pa3MepaMH 0,1 -2 mm h ABHraxt hx b pa3JiHHi-ibix HanpaBneHHiix. 
KojifeueBaa reoMexpna no3BOJiHJia TaioKe 3 axB aTtiB aTL nacTHUbi b Henp&iBHOM pe>icHMe paSoTbi Jia3epa, 

10 Kor,zi;a ochobhbim Mexai-iH3MOB MaHnnyjTHpoBaHHa SbiJia HanpaBJieHHaa KOHBeKijroi. ilpn 
3HaHHTeni>Hbix BpeMeHax MaHHiryji5iij;HH (6ojiee HecKOJibKHX agc^tkob ceicyHA) nojio>KeHHe nacTHn; 
CTaHOBHJiocb HecTa6HJibHbiM H3-3a ycHJieHHa 3(j><]DeKTOB HeHanpaBJieHHOH kohb eicnHH . AHajiorHHHbra 
3(|)(J)eKT 3axBaTa jiericnx nacxHii 6bm ^ocTHrHyr c noMombio onucaHHoro b npHMepe HeoAHMOBoro 
jiasepa npH AoGaBJieHHH BBOAy norjionjarournx BemecTB. TaKHM o6pa30M, noAoSHbie cxeMbi 

15 peajiH3yioT HanpaBJieHHyio TenjioByio kohbckiimio 3a cneT cooTBeTCTByiomeH np o CTp aHCTB chhoh 
opneHxanHH HaBefleHHbiM jia3epoM ToneHHbix hjih pacnpeAeJieHHbix TeruiOBbix hcxohhhkob. 
HanpHMep, hx opHeHxan.HH b BH^e KOJibija b mh Kp o cko jjhhqc khx Hccne^oBaHHHX b AByMepHOM 

np O CTp aHCTB e MOK^y nOKpOBHblMH CTeKJiaMH n03BOJI3ieT CKOHU,eHTpHp OB aTb HaCTHU,bI b panoHe 

rjeHxpa 3Toro KOJibna. JJp>KQ (JjoKycnpoBKa H3JiyHeHH5i b6jih3h nacTHnbi no3BOJiaeT GjiaroAapfl 

20 KOHBeKUHH H3 30HBI oGjiyHeHHJI o6ecneHHTB ABH^CeHHe HaCTHUbl npOHb OT 3TOH 30HbI. 

3<f)(|>eKT ^BH>KeHM nacTHu; SbiJi AOCTHrayr Taioice npn (|)OKycHpoBKe HSJiyneHHS Jiasepa Ha 
yraeKHCJioM rase Ha tohkhh, xcjihthhoh 0,1-1 mm, cjioh boabi c co#ep>Kam,HMHCfl HacxnnaMii okhcjiob 
>icene3a pa3MepoM ot 20 ao 200 mkm. Ha cj)Hr. 19 npeACTaBjieHbi pe3yjibTaTbi o6jryHeHHfl TaKHX nacran; 
c cj) o i<y cup o b aiiiibiM H3JiyneHHeM Jia3epa c pa3MepoM rorma Ha noB epxHO cth okojio 100 mkm. Bhaho, 

25 hto nocjie oSnyneHH^, HacxHijbi pasSeraiOTCH H3 30hbi oSnyHeHKH (cBeraoe imtho b Kpyra) h 
oGpasyfOT npaBHJiBHOH <J)opMbi Kpyr c AHaMexpoM 1-2 mm, c oxcyxcBHeM Hacxnii b npe^enax sxoro 
Kpyra. Ochobhbim Mexaroi3MOM o6pa30BaHHa aKycTHHecKHx bojih npn 3tom ^Bnraocb B3pbiBHoe 
HcnapeHHe. HHTepecHo otmcthtb, hto npn 3HaHHTejibHbix p accTOHHmrx ot o6jiacTH oSnyneHH^: 
(HecKOJibKO mm), nacTinibi nocjie o6ji3^eHH5i 6bicTpo co6HpajiHCb (npHT^rHBanncb k oSjiacra 

30 o 6 Jiy hchhh) , hto b AaHHOM cjiynae mo>kho oSbHCHHTb ncnapeHiieM nacra boabi h (|>opMHpoBaHHeM 
MHKponoTOKOB no HanpaBJieHHio k oSjiacra HcnapeHiM. 

ITpHMep 10. flpyrne npHMepti. CpeAH Apyrnx npHMepOB mo>kho otmcthtb bosmohchoctb 
ynpaBJieHHii noTOKaMH neKapcTB hjih cnen;HaJibHbrx npo6 (jinnocoMbi, aHTHxejia, nocaaceHHbie Ha 
MHKpoc(|>epbi, sojiOTbie MHKpoHacTHii;bi, $jryopecn;eHTHbie hjih (^OTOTepMHHecKHe sohabi h T.n. ) 

35 BHyTpn KJieTOK, pa3JiHHHbix TKaHefi, b KpoBH h JiHM(|>ococyAax 3a eqex onTHHecKoro 4>opMHpoBaHHii 
TeMnepaTypHbix h xepMHHecKHx rpaAnenroB 3aAaHHoro npoc|)HJiH. TaKHM oGpasoM, mo)kho co3AaTb 
HanpaBJieHHbie noTOKH neKapcTB b TpeGyeMjro 30Hy, b tom HHCJie h nporaB chji thap o cTaTHHe CKoro 
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AaBJieHHfl B cocyAax, Me^cTKaHeBOH >kh,zi;kocth, b rna3HOM npocTpaHCTBe hjih BHyrpH HeKOTopbix 

OHKOJIOrHHeCKHX 06pa30BaHHH. 

flpyrHM npHMepoM xbjixqtcsl Hcnojib30BaHHe cxeMbi Ha $nr. 6 ajm pe3Koro ycKopeHHfl (ao 10 7 
m/c 2 ) pacnojioiceHHbix Ha nofljioaace c norjiomaromeii >khakoctbio hjih Ha HenorjiomaiomeH MeM6paHe 

5 paSJIHHHblX HaCTHIJ, HOCHTeJieM JieKapCTB, MeTaJDIHHeCKHX MHKpOC(|>ep C pa3JIHHHBIMH 
6HOJIOrHHeCKHMH nOKptlTHHMH H T.n. TIpH 3TOM HaCTHIJbl pa3MepOM OT HaHOMeTpOB #0 HeCKOJIbKHX 

mkm npHo6peTaioT cKopocTb ro HecKOJitKO coTeH MeTpoB h 6jiaro,n;apa bmcokoh khhcthhcckoh 

3HeprHH npOHHKaiOT BHyTb 6HOTKai-ieii II KJieTOK, BHOCH MHHHMaJTLHbie nOBpe>Ke^eHHM. E[OAo6HbIH 

«jia3epHo-aKycTHHecKHH nHCTOJieT» BecbMa nepcneKTHBeH fljia AOCTaBKH HOCHTejien b pa3JiHHHbie 
10 cpe/jbi, b HacTHOcra, 30JiOTbix MHKpoc<f)ep 5 noicpbiTbix ^HK, b onyxojieBbie KJieTKH in vivo c ijejibio 
aKTHB aijHH HMMyHHOH CHCTeMbi, nopa>KeHPDi nepBHHHbix onyxojien h HHraGHpoBaHUM npoijeccoB 
MeTacTa3Hca. HcnoJib30BaHHe no#o6HOH CHCTeMbi b coneTaHHH c bojiokohhoh ohthkoh., HanpHMep, 
noivremeHHeM no,n;o6Hbix HOCHTejieft Ha TOpeu; BoxtOKHa, no3BOJiaeT peajiH30BaTb 3H£ocKonHHecKHH 
BapnaHT AoeraBKH c noMombio cTaHAaprabix 3H,fl;ocKonoB hjih nyTeM noMenjeHHii bojiokoh b nrjibi 
15 hjih KareTepbi Manoro ^naMeTpa ajih MHHHMajibHo HHBa3HBHOH ,n;ocTaBKH hochtgjih b Tpe6yeMyio 
oGjiacTb, HanpHMep, b onyxojib c nocjie^iomeM HiDKeKijHeH HOCHTejien paBHOMepHO b npe^ejiax 
3a,o;aHHoro o6beMa. 

BHyTpH GnoSbeKTOB bo3mo>kho ynpaBJieHHe MHorHMH CTpy Kiy p aMH, b HacraocTH, ny3bipbKaMH 
B03,n,yxa B cocyuax, Hanpniviep, nyTeM hx 3axBaTa h y^ep>KHB aHH5i b 3a,n;aHHOH 301-ie hjih 
20 TpaHcnopTHpoBKH b Tpe6yeivryio 301-iy. B KanecTBe npHMepa moicho otmcthtb rei-iepai^Hio c noMonjbio 
ajibSyMHHa b KpoBH MHKpony3bipeH. nocjie Toro, KaK k hhm npHJiramyT TpoM6bi hjih nacTH 6jnmieK ? 
ocymecxBJi5ieTC5i hx 3axBaT c noMonjbio npe/jnaraeMbix ycTpoiicTB h Aanee paspymeHHe, b nacTHOCTH 
c noMombK) yjibxpasByKa. IIoAoSHbiH no^xo^, nojie3eH Taioice b sa^anax nep(f)y3HH ? nepejiHBaHira 

KpOBH H T. fl. 

25 Ecjih oG'beKT flOCTaroHHo MaJi, to oh ? KaK H3bcctho, HcnbiTbiBaeT 6poyHOBCKoe xaoTHHecKoe 

ABmiceHHe. OopMHpyeMbie c noMombio Jia3epa TenjiOBbie jioKajibHbie hctohhhkh b6jih3h oG'beKTa 
MoryT cMOAeJinpoBaTb 3c|)(|)eKT "HanpaBJieHHoro GpoyHOBCKoro R&mKemw". IferepecHO OTMeTHTb, 
hto xaoTHHecKHe np o CTp aHCTB eHHbie $JiyKTyaiiiHH Jia3epHoro H3JiyneHH^ BOKpyr o6beKTa 5 
c(J)opMHpoBaHHbie ? HanpHMep, MeTOAaMH HHTep(f>epoMeTpHH, nosBOJiiiioT KaK cymecTBeHHo ycnjiHTb 

30 6poyHOBCKoe ABH>iceHHe 5 raic h ocjia6iiTb ero b cjiynae BbiHHTaHHfl e|)a3 (JmyKTynpyioiijero 
onTHHecKoro H3JiyneHHii h ecTecTBeHHbix TeruioBbix (J)JiyKTyaijHH cpe^bi. 

Ha oG^eKT Moiyr npn 3tom OKa3biBaTb bjiimhhc KaK TenjioBoe ABJDKemie nacTHu;, TaK h 
conyTCTByK)iii;He hm xaoTiraecKHe aKycTHHecKHe KOJie6aHHa 5 c<|>opMHpoBaHHbie b pe3yjibTaTe 

aKyCTHHeCKOH 3MHCCHH HarpeTblX TeJI. 3tOT 3(|x|)eKT npOHBJI5ieTC5I H npH OTCyTCTBHH Mo^yji^u;HH 

35 TenJioBoro HCTOHHHKa, npH 3tom ^Hana30H aKycTHHecKHX nacTOT ^ocTaTOHHO ninpOK ot e,o;HHHij; £0 
^eciiTKOB Mru. 
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IIoAoSHbie cxeMbi, iiomhmo MaHHnyjumHH nojio^ceHHeM oxAejibHbix nacxHij., iiosbojuiiox 
ocymecTBHTb hx coprapOBKy b xpeSyeMoft 30He H3-3a pa3JiHHHH MacTHu; no Macce h axy crane ckhm 
CBOHCTBaM. Bo3Mo>KeH xaioKe np o CTp aHTCB eHHbiH noBOpOT o6teKTOB cjio^khoh (|>opMbi nyreM 
oGjiyneHHfl cooxBexcxByiomeH jioKaJibHoft 30Hbi okojio o6i>eKxa hjih nacxH caMoro oS'beKxa. B 
5 pe3yjibTaTe co3AaioxcK MexaHHnecKHe momchtw, o6ecneHHBaiomHe noBopoT oG'beKxa b Hy>KHOM 

HanpaBJICHHH. IIOBOpOT B03MO^CeH KaK nOA AeHTCTBHeM aCHMMexpHHHblX CHJI aKycTHHecKoro 
AaBJieHHfl, TaK H 3a CHCr He CHMMexpHHHblX MHKpOCXpyfi, MHKpOnOXOKOB H KOHBeKIJHH, HanpaBJieHHbix 

Ha Kpan o6%eKT& (hg b ero ijeHxp). ITyxeM ncu.ojih30Ba.BBJi noBTopnwwjnxcx no racxoxe onxH^ecKHx 

HMIiyJIBCOB C B03paCTaK>meH HaCXOXOH, CHHXpOHH3HpOBaHHbIX c BpameHHeM oS-beKTOB, MOKHO 

10 npHBecra o6teKXE>i oSxeKaeMoi* cj>opMbi (kjicxkh, nacTHHibi sjijihhcohahoh ^opMbi h t. a. ) bo 
BpameHHe c nacxoxoM ao HecKOJibKO AecaxKOB Tu;. IIoAoGHbie cxeMbi BecbMa nojiesHbi a^ 
peajTH3auHH oirranecKHX MHKp ornpo ckoiiob . HanpiiMep, nacxHijbi Moiyr 6biTb noABeineHbi b BaicyyMe 
c noMombio o6biHHbix AByxjiyneBbix iihhijctob, a hx BpameHHe - o6ecneHHBaxbCA 3a cnex 
nepHO^HHecKoro oSjiyneHHJi nacxn nacxHn;bi (hjih cpe^bi BOKpyr Hee) c noMombio AonoJiHHxejibHoro 

1 5 HMnyjibCHO-nepHOtfHHecKoro na3epa. Perncxpau;ii5i noBopoTa noABeuieHHbix c noMonibio onxnnecKHX 
h OA nuHUCTOB Moxcer 6hirh ocynjecxsjieHa c ncnoJih3 ob&hh&m RonommrejibHhix oiroraecKHx 
MexoMOB (HanpHMep, <|>jiyopeciieHXHbix hjih pacceHBaiomnx mctok Ha noBepxHoexn nacxHijbi). C 
noMonjbio cxeM Ha §vlt. 6, 8,10 B03M0^cHa jieBHxaijEui o6x>eKxoB b pasJiHHHbix cpeAax, b xom nncjie h b 
B03,nyxe. 

20 B GoJibiiiHHcxBe npeAJioxceHHbix cxeM Ha nacxnuy B03AeHcxByex JiHHib aKycxHHecKaa BOJiHa, 

Koxopaa, KaK y>ice oxMenajiocb, He 0Ka3biBaex npaKXH^iecKH HHKaKoro bjihkhhh Ha cBoftcxBa oG'beKxa. 
Ilo KpaiiHen Mepe, ee B03MO>KHoe BJiHJiHHe HaMHoro Mei-ibiiie, neisi b cjiynae npjiMoro B03AencxBH5i 
jia3epHoro H3JiyneHH5i ? KaK b npoxoxHne. OijeHKa cxeneHH 3Xoro B03M03KHoro bjihjihhji., ocoGeHHO b 
cjiynae MaHHnyjiaqHH >khbmmh 6h o ji o run e ckhmh o6i>eKaMH, xpeSyex oco6oro BHHMaHHH, Ilpn 

25 6jih3kom pacnojio>KeHHH cBexoBoro nyHKa k oSteKxy bo3mo>kho npoflBJiemie xaioice xenjioBoro 
bo3Aghcxbh5i Ha o6-beKX H3-3a ^H(|)4)y3HH xemia H3 Harpexon H3JiyneHHeM 30Hbi. OAHaKO npn Kopoxicnx 
AJiHxejibHocxiix Jia3epHoro HMnyjibca (MeHee 10" 6 ceK) hjih bbicokhx nacxoxax MOAyjiHijHH (6ojiee 
AeciixKOB kTu;), AJiHHa AH$<i>y3HH HeAOcxaxoHHa (eAHHHUbi h accotkh mhkpoh) jxtlsl xoro, hxoGm 
oKa3axb cymecxBeHHoe B03AeftcxBHe Ha o6 r beKx. TeM He MeHee, stox Bonpoc b KaacAOM KOHKp exHOM 

30 cjiynae xaioice xpeGyex oxAeJibHoro paccMoxpeHHii, b nacxHOCxH, npn Hcnojib30BaHHH onncaHHbix 
paHee cxeM HanpaBJieHHOH xenjroBOH ah^)^ 3 ™ HJ1H kohb eKi^HH . BecbMa nojie3HbiM rsik yAoGcxBa 
ynpaBJieHH5i h n;eJieH 6e3onacHocxn bo mhophx cjiynanx^ KorAa HcnoJib3yexca HeBHAHMoe jxjisl raa3 
H3JiyneHHe 5 HBJiaexc^ Hcnojib30BaHHe AonoJiHHxejibHoro nHJiox — Jia3epa, H3JiyneHHe Koxoporo 
coBMetu;aexc5i co CBexoBbiM nynKOM ox ocHOBHoro Jia3epa. B KanecxBe xaKoro nHJiox-Jia3epa Jiynuie 

35 Bcero HcnojiB30Baxb HOJiynpoBOAHHKOBbie jra3epbr hjih cBexoAHOAbi c H3Jiy^eHneM b KpacHoro 
AHana30He cneKxpa. 
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0OPMVJIA H30EPETEHHH 



1. CnocoS MaHHnyjiHijHH oSteieraMH nyreM 4>oicycHpoBKH onTHHecKoro n3JiyneHHH b oGjiacTB 
npocTpaHCTBeHHoro pacnono>KeHH5i oSBeicra, oTJiHHatomHHCii tgm, hto onTHHecKoe H3JiyneHHe 
5 4>OKycHpyioT b cpe,ny b6jih3h noB epxHO cth o6teKTa 3 napaMeTpBi onTHHecKoro H3JiyneHH5i: .zjJiHHy 
BOJii-ibi, SHeprHio hjih Mom,HocTb h BpcMCHHOH pe>KHM oGjiyneHHfl, a TaioKe napaMeTpBi cpeflti 
BBi6npaK)T TaKHMH o6pa30M, hto6bi oGecnenHTB b pe3yjiBTaTe B3aHMO£eHTCBH* HSJiyneHiM co cpe^oH 
c])opMHpoBai-iHe b 3toh cpe,n;e (|)H3HHecKHX chji TennoBOH npHpo^Bi, AeHCTByioiijHX Ha o6bckt ? npn 
3tom npocTpaHCTBeHHoe pacnpe,n;eJieHHe SHepran onTHHecKoro H3JiyneHHJi h reoMeTpHHecKyio (|)OpMy 

10 onraHecKoro nyHKa BBiSnpaioT TaKHM o6pa30M, hto6bi o6ecneHHTB acHMMeTpHHHBiH xapaKTep 
y Ka3 aHHBix chji, KOTopBie npHBo^T oSBeKTa b ^BH^ceHHe hjih, Hao6opoT, chmmctphhhbih xapaKTep, 
oGecnenHBaioiUHX ero yAep^cHBaHHe b 3aAai-n-ioH np o CTp aHCTB chhoh o6jiacTH ? npnneM nepeMenjeHHe 
o6BeKTa ocymecTBJiaioT nyreM nepeMememifl onTHHe cKoro nyHKa no OTHomeHHio k cpe/je hjih nyTeM 
nepeMem,eHHX cpe/jBi no oxHOineHmo k onTHHecKOMy nyHKy. 

15 2. CnocoS no n.l, OTJinnaiomHHCfl TeM, hto onTHHecicoe HSJiyneHHe (J)opMnpyeT b cpe^e 

TenjioBBie h/hjih aKycTHHecKHe rpa^HeHTBi, B03HHKaiomHe b pe3yjiBTaTe onTHHecKoro norjiomeHHH 
h/hjih onranecKoro npo6oa, h/hjih 3JieKTpocTpHKij;HH ? KOTopBie b cboio onepeAB npHBO^OT k 
4>opMHpoBaHHK> OTMeneHHBix chji SjiaroAapa TenjioBOMy pacnnipei-iHio HarpeToro H3JiyneHHeM 
jioKanBHoro o6i>eMa h/hjih o6pa30BaHHio ny3Bipen b pe3yjiBTaTe HcnapeHHH hjih JiOKajiBHoro 

20 neperpeBa, h/hjih aKycraHecKOMy AaBJieHHio, h/hjih no^BJieHHio aicy cthh ecKHX h kohb eicijHOHHBix 
noTOKOB h CTpyH, h/hjih b CHJiy acHMMeTpHH pa^HOMeTpHHecKHX chji, h/hjih 6jiaro,a;apji 
HensoTponHOMy 6poyHOBCKOMy ^BHvKeHHio b cpe,n;e. 

3. Cnoco6 no n.n 1 hjih 2, oTJiHHaioiniHHca TeM, hto hto onTHHecKoe H3JiyneHHe <|>OKycHpyioT 
KaK b cpe^y b6jih3h nosepxHOCTH oS'BeKTa, TaK h Ha nacTB noBepxHOCTH oG'BeKTa, h chjibi, 

25 jjeHCTByioiijHe Ha oG'Bercr, <|>opMHpyK>TCfl Gjiaro^ap^ acHMMexpHii TenjioBBix 3(|>(j}eKTOB b cpe^e h 
o6jiyneHHOH nacTH o6*BeKTa, BKJUonaa accHMeTpHHHoe TenjiOBoe pacinnpeHHe nacra oG'Beicra, 
HcnapeHHe nacra oGteKTa hjih ncnapeHHe cpe^Bi, conpHKacaiom;eHCfl c HarpeTOH nacTBio oG^eKTa, 
a6jiHti;HH Ha noBepxHO cth o6i»eKTa, npHBOAJimero k MexaHHHecKOMy 3<J><|>eKTy OT^aHH hjih 

aCHMM eTp HH pa^HaiJHOHHBIX 3(j}(|)eKTOB H/HJIH nO^BJieHHK) aKyCTHHeCKHX H KOHB eiGHHOHHBIX nOTOKOB 

30 h cTpyn. 

4. Cnoco6 no n.n. Ihjih 2, OTJiHnaiomHHCfl TeM, hto b cpe^e b6jih3H o6i»eKTa o6ecneHHBaiOT 
pacnpe^ejieHHe cbctoboh 3HeprHH b BH#e oahhohhoto CBeTOBoro naTHa h/hjih y3KOH 
np^MoyroJiBHOH nojiocKH, h/hjih flyrn OKpy>KHocTH, h/hjih b BH^e nojiycepna, h/hjih b BH^e 
CBeTOBoro KOJiBija BOKpyr o6i>eKTa h/hjih b burg cnjiouiHoro CBeTOBoro naraa c hhtchchbhoctbio 

35 H3JiyneHH5i, yMeHBinaiomeHC^ k n;eHTpy, h/hjih b BHAe CBeTOBoro KOJiBu;a, b uiempe KOToporo HMeeTca 
oTOeJiBHoe cBeTOBoe n^THO, npnneM pacnpe^ejieHHe sneprHH b hhx Mo^ceT 6bitb KaK Henp epBiBHBiM, 
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TaK H AHCKpeTHBIM, TO eCTB CO CTOOTJHM H3 OTAeJIBHBIX CBeTOBBIX IMTeH Ii/HJIH nOJIOCOK, h/hJIH 

nojiycepnoB, Ayr oKpy>KHO cth . 

5. CnocoG no n.n.liura 2, oTJinnaioiAHHCfl TeM, hto cBeTOBoe iuitho HMeeT bha KOJiti^a hjih 
tojibko ero nacra, a napaMeTpti onraHecKoro H3JiyneHHfl h cpeAti BBi6HpaK)TCJi TaKHM o6pa30M, 

5 hto6bi o6ecneHHTB ^opMHpoBaHHe c(|)OKycHpoBaHHBix aKy CTHHe ckhx hjih yjiBTpasByKOBBix bojih, 
i-ianpaBJi^eMBix Ha oSteKT, pacnojiOHceHHBiii b (jjoityce TaKHM oSpaaoM o6pa30BaHHOH BHpTyajiBHOH 
onTO-aKycTHnecKOH jihh3BI ijHJiHHApHHecKOH reoMeTpHH. 

6. CnocoS no n.l hjih 2, OTJiHHaronjHHCfl TeM, hto HcnojibsyeTCfl onTHHecKoe HSJiyneHHe b BHAe 
AByx hjih Tpex nepeceKaiomnxc^ ijHJiHHApHHecKHx nyHKOB c o6i>eKTOM BHyTpH o6jiacTH hx 

10 nepeceneHHJi, npnneM yroji Me>KAy onTHHecKHMH ocmmh sthx nyHKOB MenaeTCii ot 0 ro 90° . 

7. Cnoco6 no n.l hjih 2, OTJiHHaK>HjHHca TeM, hto onTHHecKoe H3JiyneHHe no^Bo^HT k oO'BeKTy c 
noMombfO no KpaHHen Mepe OAHoro onTHHecKoro cBeTOBOAa, opneHTHpOBaHHoro b npocTpancTBe TaK, 
hto6bi oSecneHHTB 4 ) °P MH P 0BaHHe CHJI > o6ecneHHBaiomHX ABrcaceHHe oG^eKTa b sa^aHHOM 
HanpaBJieHHH hjih <|)HKcai];Hio ero b 3a^i;aHHOH oSjiacra. 

15 8. Cnoco6 no n.l hjih 2, OTJiHHaiomHHca TeM, hto cpe^a , b KOTopofi HaxoA^TCii oe^eKTbi, 

flBJT5iexc5i HenoraomaiomeH hjih cjia6onorjiomaiomeH, a Heo6xoAHMoe norjiomeHHe b Hen b 
o6ecneHHBaeTC^[ nyTeM BiaiioneHra b cocxaB cpe^Bi noraomaiomnx KOMnoHeHTOB, nocTynaiomnx b 
paCTBOp AHCKpeTHO hjih HenpepBiBHO . 

9. Cnoco6 no n.l hjih 2, OTJiHHaromHHCJi TeM, hto b Henornonjaromyio hjih 

20 cjiaSonorjiomaiomyK) cpe^y p>i#oM c o6i>eKTOM noMemaioT AonojiHHTenbHBiH nornomaiomHH 
H3JiyneHHe sjieMem: hjih hcckojibko OAHHaKOBBix 3JieMeHTOB b BHAe tohkoh mieHKH hjih/h nnacTHHBi, 

HJIH/H MHKpOC(|)epBI, OHTHHeCKOe H3JiyHeHHe (J)OKyCHpyiOT Ha 3TOT HJIH 3TH 3JieMeHTBI, KOTopBie 
OpHeHTHpOBaHBI B np O CTp aHCTB e TaKHM 06pa30M, HT06BI B03HHKaK)mHe CHJIBI AeHCTBOBaJIH Ha oG^BeKT 

h npHBOflHJiH ero b ABroiceHHe b 3ajjaHHOM HanpaBJieHHH hjih yAep>KHBajiH b sa/jaHHoft 30He. 
25 10. CnocoS no n.l hjih 2, OTJinnaroiAHHca TeM, hto b KanecTBe cpeABi HcnojiBsyeTca 

norjiomaiomne H3JiyneHHe >ichakocth h/hjih rasBi, h/hjih CMecH ra30B, h/hjih rejiH, h/hjih 
SnojiorHHecKHe cpe^Bi, h/hjih TBepABie noAJio^cicH c xchakoh hjih ra30BOH cpeAOH HaA hx 

nOBepXHOCTBIO. 

11. CnocoG no n.l hjih 2, oTJinnaiomHHCfl TeM, hto onTHHecKoe H3JiyneHHe cjjoKycnpyiOT bo 
30 BHyTpeHHHe nojiocTH GHOJiorHHecKHX TKaHen, HenocpeACTBeHHO b caMH TKaHH h SnocTpyKTypBi , 

BKJIIOHaH pa3JIHHHBie COCyABI H JIHM$Oy3JIBI, HJIH BHyTpB OTAeJIBHBIX KJieTOK h ocymecTBJunoT 
MaHHnyJIHUHK) pa3JIHHHBIMH 3HAOreHHBIMH CTpy KTy p aMH THna KJieTOK, BHyTpHKJieTOHHBIX 3JieMeHTOB 

rana oTAeJiBHBix opraHejui, mhotoxohaphh, 5iApa, xpomocom hjih 3K3 oreHHBix bkjhohchhh rana 

ra30BBIX IiySBIpBKOB, pa3JIHHHBIX XHMHHe CKHX CO e AHHeHHH H JieKapCTB, HaXOAHIAHXC^ B CBO 6 o ahom, 

35 h/hjih arpernpoBaHHOM h/hjih KancyjinpoBaHHOM cocTOiiHHH hjih npHKpeiuieHHBiM k pa3JiHHHBiM 

MHKpOHOCHTejIHM B BHAe MHKp OKancyJI, JIHnOCOM, HeMeTaJIJIHHeCKHX H MeTaJIJIHHeCKHX MHKpOC(|)ep, 
H/HJIH pa3JIHHHBIX C^JiyOpeCIjeHTHBIX 30HAOB, H/HJIH (J) OTOTepMHHeCKHX npo6 B BHAe XHMHHeCKHX 
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COeAHHeHHH, pa3JIHHHMX MeTaJIJIHHeCKHX H HeMeTaJIJimeCKHX MHKpOIIiapHKOB h/hjih HX paSJIHHHblX 
KOM6HHaU.HH. 

12. CnocoG no JiioGoMy H3 nyi-iKTOB 1-1 1 5 OTJiHHaioiijHHCJi TeM, hto MaHHnyjrajHfl BianoHaex b 
ceSa paBHOMepHoe hjih ycKopeHHoe ABEDKemie o^hhohhbix o6t»eKTOB b sa^aHHOM HanpaBJieHHH, KaK 

5 ot Jia3epHoro nyHKa, TaK h no HanpaBJieHmo k HeMy, yzjep>KHBaHHe hx b 3a,n;aHHOM iiojiokchhh, 
OTAejreHne o6i>eKTOB apyr ot #pyra hjth ot ho,zi;jio:>kkh, hjih cejiercrHBHyio coprapoBKy h cejieKU,rao 
o6teKTOB c p a3 jihhhbimh napaMeTpaMH, TaKHMH KaK njiOTi-iocTb, reoMeipHHecKHe pa3Mepbi, 
aKycTHHecKHe h onranecKHe CBOHCTBa. 

13. Cnoco6 no n.12, OTJiHHaioniiHHM TeM, hto coprapoBKy oSteKTOB o6ecneHHBaioT 3a cneT 
10 co3AaHH5i HaBe^eHHtiM onTHHecKHM HSjiyneHHeM ctoothx aKy cti ih e c khx bojih b 3aMKHyroM o6i>eMe 

pa3JiHHHOH np o CTp aHCTB eHHOH reoMeTpHH: niHJiHHflpHHecKOH, ccj)epHHecKOH, hjih (J)opMe 
napajuiejienHne^a, Ky6a, onTHHecKyio reHepammo aKy cthhg ckhx bojih ocymecTBJiaioT 3a cneT 
norjioiij;eHHH onranecKoro H3JiyneHH5i b CTCHKax, orp aHHHHB atoujHX yKa3aHHtiH o6i>eM 9 hjih b 
pacnojioiceHHOH BHyTpH 3Toro o6i»eMa cpe,n;e, npiraeM onTHHecKoe H3JiyneHHe MoiceT 4>opMHpoBaTbCJi 
15 b BHMe OAHHOHHoro nyHKa hjih nepHO^HHecKOH np o CTp aHCTB eHHOH cTpyrcrypbi, co3#aHHOH b 
pe3yjibTaTe HHTep^epeHiiiHOHHbix hjih rojiorpac|)HHecKHX 3(jx|)eKTOB, n P H 3tom napaMeTpbi onTHHecKOH 
h aKycxHHecKOH nepno^HHecKHX CTpyKTyp connacoBbiBaiOT ueyKjjy co6oh. 

14. Cnoco6 no jnoGoMy H3 nyHKTOB 1-3, OTJiHnaiomHHCfl TeM, hto onTHHecKoe H3JiyneHHe 
ocymecTBJiaeT i-iarpeB norjionjaiomeH H3JiyHeHira >khakocth Ha noBepXHOCTH ajiji cjiynaa chjibhoto 

20 norjiomeHHH hjih b o6teMe cjiynaa: othochtcjibho cjia6onorjioni;aioiii;eH >khakocth, a BBi6opoM 
pe>KHMa H3JiyHeHra h <|)opMbi onTHHecKoro nyHKa ocymecTBjraioT HanpaBJieHHyio TenjioByio 
KOHBeKUHio, HanpHMep, ABroiceHHe 3kh;jkocth b paAHajibHOM HanpaBJieHHH ot onraHecKoro nyHKa 
KpyrjioH (J)opMBi 5 ABHOiceHHe k ijempy ot pacnojioiceHHtix no OKpy>KHO cth OT^ejitHbix onTHHecKiixx 
nyHKOB pa3JiHHHOH (JjopMbi, (|)opMHpoBaHHe KpyroBoro 3a cneT KpyroBoro #BH>iceHH caMHx 3thx 

25 nyHKOB, b pesyjibTaTe nero oS-beKTbi npiixo^T b ^BiraceHHe hjih Hao6opOT hx nojio^ceHHe b ijeinpe 
cTa6HJiH3HpyeTC5i sa cneT cHMMeTpHHHoro npHTOKa ^chakocth ot nepH(J>epHH k u;eHTpy, HanpHMep, 
npn Hcnojib30BaHHH onTHHecKoro nyHKa KOJibijeBOH reoMeTpHH. 

15. Cnoco6 no o^HOMy H3 nyHKTOB 1-3, OTJiHHaronjHHca TeM, hto napaMeTpbi 
c(J)OKycHpoBaHHoro onraHecKoro nyHKa, napaMeTpbi cpe^bi coraacoBbiBaiOTCii ueyKjay co6oh h c 

30 napaMeTpaMH nacTHiiibi TaK, htoGm npH oGjiyneHHH o6i>eKTa Ha Hero flencTBOBajiH cHMMeTpHHHbie 

CHJIbI, KOTOpbie npH OTHOCHTeJIbHOM tfBKDKeHHHH OOTHHeCKOrO iiyHKa h cpeABi (^OpMHpyiOT 

acHMMeTpHHHbie chjibi, 3 acTaB jiHK)EU(He ABHraTbca oS-beKT k 4>OKycy n^Ka. 

16. Cnoco6 no o^HOMy H3 nyHKTOB 1-15, OTHHHaioiijHHCJi TeM, hto Hcnojib3yiOT HenpepbiBHoe 
onTHHecKoe H3JiyHeHHe, hjih HenpepbiBHoe MO^yjiPipoBaHHoe no HHTeHCHBHO cth H3JiyneHHe b 

35 flnana30He nacTOT ot e^HHHn; Tit ao e^HHHii; ITu, hjih HMiiyjibCHoe HSJiyneHHe c ^JiHTejibHOCTbio 
HMnynbca ot eflHHHi^ ceKyHA #o 10" 15 c. 
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17. YcTpOHCTBO O IITHH 6 C KO H MaHHnyJIfllliHH lip 0 CTp aHCTB SHHBIM nOJIOKCHHeM o6fceKTOB B 

cpe^e, BRJiioHaiomee hctohhhk onTHHecKoro H3JiyHeHira, onTHHecKyio CHCTeMy, cncTCMy 
OTHocHTejibHoro np o CTp aHCTB eHHoro nepeMemeHHii o6i»eKTa b cpe^e, CB£3aHHyio c onTHHecKOH 
cHCTeMOH h/hjih c nep e abidkhbim ctojihkom, Ha KOTopoM moxcct HaxoAHTbca o6i»eKT 5 OTJiHHaiomeecfl 

5 TeM, HCTOHHHK H3JiyHeHHfl BbHIOJIHCH HenpepblBHbIM H BBe^eH MO^yjTOTOp HHTCHCHBHO CTH H3JiyHCHH5I 5 
CBfl3aHHBIH C 3THM HCTOHHHKOM, HJIH HCTOHHHK H3JiyHeHH3 BbHIOJIHeH HMIiyJIbCHblM, OOTHHeCKaa 

CHCTeivra BMecTe c cocTaBjnnomHMH ee 3JieMeHTaMH h/hjih AonoJiHHTejibHbiH onTHHecKHH 6jiok ? 
pacnojio>KeHHbiH nocne ochobhoh onTHne ckoh chctcmbi, BbinoJiHeHbi TaKHM o6pa30M, hto6bi 
o6ecneHHTb sa^aHHoe pacnpe^eJieHHe H3jryHeHHH b cpe^e b6jih3h oG'beKTa h BKnionaioT jiHH3y hjih 
10 CHCTeMy jihh3 5 h/hjih #i*acj)parMy 5 h/hjih npocTpaHCTBemibiH (J)HJibTp 5 h/hjih roJiorpa(j)HHecKHe 
3JieMeHTbi ? h/hjih ^H^paKUHOHHbie 3JieMeHTbi ? h/hjih HHTep4>epeHijHOHHbie 3JieMeHTbi ? , h/hjih oahh 

HJIH HeCKOJIbKHX Th6kHX CBCTOBOAOB, h/hJIH OnTHHeCKHe 3JieMeHTbI ? B TOM HHCJie 

np o CTp aHCTB ghhoto CKaHHp ob aHHii cBeTOBoro nyHKa BOKpyr hjih oS-beKTa, A^raia bojihbi onTHHecKoro 
HCTOHHHKa h onTHHecKHe napaMeTpbi h cocTaB cpeflbi BbiSpaHbi TaKHM o6pa30M 3 HTo6bi o6ecneHHTb 
15 norjiomeHHe H3JiyHeHHfl b caMOH cpe^e, BpeMem-ibie h 3HeprcTHHe ckh© napaMeTpbi onTHHecKoro 

HCTOHHHKa BblSpaHbl, HCXOA* H3 yCJIOBHJI oSecneHeHHH TepMHHeCKHX h/hjih aKyCTHHeCKHX rpaAHeHTOB 

b cpeAe okojio oS'beKTa, AOCTaroHHbix a^ ero nepeABH>KeHHa h/hjih npocTpaHCTBeHHOH (|>HKcaijHH b 
3a,a;aHHOM o6-beMe. 

18. YcTpoHCTBO no n.17, OTJinnaiomeecfl tcm, hto napaMeTpbi ochobhoh onTHHecKOH chctcmbi 
20 hjih ^onoJiHHTejibHoro onTHHecKoro 6noKa BbiSpaHbi TaKHM o6pa30M, HTo6bi o6ecnenHTb b cpe^e 

b6jih3h oG'beKTa pacnpeAeJiemie cbctoboh 3HeprHH b BH^e oahhohhoto cbctoboto iihtho, h/hjih 
y3KOH npflMoyrojibHOH nojiocKH, h/hjih AyrH OKpyacHOCTH, h/hjih b BH^e nojiycepna, h/hjih b BH^e 
CBeTOBoro KOJibija BOKpyr oS^eKTa h/hjih b BHAe cnJioniHoro cbctoboto iMTHa c hhtchchbhoctbio 
H3 Jiy neHHH y yMeHbinaioiuieHCH k Ljenrpy, h/hjih b BHAe cbctoboto KOJibija BOKpyr oe'beKTa, h/hjih b 
25 BH^e CBeTOBoro KOJibii;a 3 b ijempe KOToporo HMeeTaa OTAeJibHoe CBeTOBoe imtho, npHHCM 
pacnpe^ejieHHe 3HeprHH b hhx mo>kct 6biTb HenpepbiBHbiM hjih AHCKperabiM, to ecTb cocto5hu;hm H3 
OT^eJibHbix CBeTOBbix rorreH h/hjih nojiocoK, h/hjih noJiycepnoB, Ayr OKpy^cHOCTH. 

19. YcTpoHCTBO no n.17, oTJinnaioii^HHCH TeM, hto onTHHecKaa CHCTeMa hjih AonojiHHTejibHbiri 

OnTHHeCKHH 6JIOK BbinOJIHeH B BHAe IljHJIHHApHHeCKOH JIHH3BI H/HJIH C^epOI^HJIHHApHHeCKOH JIHH3BI, 

30 h/hjih oahoh hjih HecKOJibKHX onTHHecKHX njiacTHH c peryjinpyeMbiM yrjioM HaioioHa no othohichhio 

K OnTHHeCKOH OCH OCHOBHOH OnTHHecKOH CHCTeMbl. 

20. YcTpoHCTBO no n.17, oTJiHHaiomeecfl tcm, hto MexcAy ochobhoh onTHHecKOH chctcmoh hjih 

AOnOJIHHTejIbHbIM OnTHHeCKHM 6JIOKOM H oS-beKTOM BBeACHbl AOnOJIHHTejIbHbie OnTHHeCKHe 

3JieMeHTbi 5 pacnojio>iceHHbie b cpeAe pa^OM c oG^ercroM h npeACTaBJiaiomne coSoh onTHnecKH 
35 npo3paHHyio AJifl H3JiyneHH5i nnacTHHy, hjih iuiacTHHy c norJioiniaioiAHM noKpbiTHeM Ha noBepXHocra, 
oGpameHHOH k oGteKTy, hjih aHaJiorHHHyio nepBOH njiacTHHy c AonojiHHTejibHOH norjiomaiomeii 
nneHKOH Ha yKa3aHHOH noBepxHocTH, hjih tojibko oAHy norjiom;aioiiiyio njieHKy, hjih noraomaiomHe 
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MHKpoc(|)epLi ? opHeHTHpoBaHHBie no OTHonieHHio k onTHHecKOMy nyHKy h o6BeKTy TaK, htoGbi 
B03HHKa.K)iu,He npH norjioineHHH H3JiyHeHH5i Ha sthx sjieMenrax chjibi 6bijih HanpBJieHBi no 
HanpBJieHmo k oGteiay, b Hacrao cth, njiocKocra yKa3aHHBix miacTHH opneHTHpoBaHBi 
nepneHAHKyji^pHO onTHHecKOH och onTHHecKOH CHCTeMBi. 
5 21 . YcTpoHCTBo no n.17, OTJinnaiomeecii TeM, hto p^aom c oGbcktom pa3MemeHBi aKycTHHecKaa 

jinraa, opneHTHpOBaHHaii b npocTpaHCTBe TaK, hto H3JiyneHHe nonaAaeT Ha BXOAHyio noB epxHO cte> 
3toh jihh3bi, (|>OKyc JiHH3bi coBnaAaeT c nojio^ceHHeM o6i»eKTa 5 npnneM Ha BXOAHyio hjih Bbixo/myio 
noBepxHocra JiHH3bi HaHeceHBi norjioinaioinHe noKpBrraji, n AonojiHHTejiBHO npe^ycMOTpeH 6jiok 

H3MeHeHHfl HaCTOTBI OnTHHeCKOrO B03^eHCTBHfl ? CBH3aHHBIH C OHTHHeCKHM HCTOHHHKOM H/HJIH 6jIOK 

10 MexaHHHecKoro nepeMenjeHHJi jihh3bi, CB5raaHHBiH c 3toh jihh30h. 

22. YcTpoHCTBo no n.17, OTJiHHaiomeecH TeM, hto OTAejiBHBie aKycTHHecKHe jihhsbi 
o6Be,niHHeHBi b mmQimy, onTHHecKan cncTeMa BBinojiHeHa TaK, hto6bi oSecneHHBaTB (j) opMHp ob aHHe 
HecKOJiBKO CBeTOBBix nyHKOB, Ka>icABiH H3 KOTOpBix nonaAaeT Ha cooTBeTCTByiomyio JiHH3y h BBe^eH 

6JIOK (|)a30BOH 3a#ep>KKH ? COeAHHeHHBIH C Ka^CAOH H3 JIHH3 H HCTOHHHKOM H3JiyHeHHfl RSVl 

1 5 oSecneneHHfl paSoTBi jihhchkh jihh3 b pe^cHMe <J>a30BOH aKycTHHecKOH aHTeHHBi. 

23. YcTpoHCTBo no n.17, oTJinnaiomeecfl TeM, hto Ha nyra onTnnecKoro H3JiyHeHHJi BBe^ei-iBi 
AononHHTejiBH&ie onTHHecKne sjieMeHTBi, BBinoJiHeHHBie b BHAe CBeTOAeJiHTejiBHBix ruiacTHHOK h/hjih 
AH(j)paKUiHOHHBix 3JieMeHTOB h/hjih CBeTOBO^OB, opHeHTHpoBaHHBix b npocTpaHCTBe TaK, hto6bi 
oSecneHHTB pa3AeneHHe ochobhoto cBeTOBoro nynKa Ha hcckojibko Apyrnx, KaK MHHHMyM AByx 

20 CBeTOBBix nyHKOB, KOTopBie opHeHTHpOBaHBi noA yraoM othochtgjibho Apyr Apyra, BejiHHHHa 
KOToporo Jie>KHT b AHana30He ot 0 ao 180°, HanpHMep, nynKH MoryT 6bitb opneHTHpoBaHBi 
nepneHAHKyji^ipHO Apyr Apyry hjih naBCTpeny Apyr Apyry, npnneM b nocneAHeM cjiynae nynKH MoryT 
pacnoJiaraTBCH KaK coocho, TaK h hx onraHecKHe och MoryT napajuiejiBHO CMemeHBi Apyr 
oTHocHTejiBHo Apyra, h nojio>KeHHe (J)OKycoB mo>kct coBnaAaTB, jie>icaTB b oahoh njiocKOCTH hjih 6bitb 

25 cMenjeHHBiM baojib onTHHecKOH och othochtcjibho Apyr Apyra. 

24. YcTpoHCTBo no n.17 hjih 23, OTJiHHaiomeecfl TeM, hto napaMeTpBi AonojiHHTejiBHBix 
onTHnecKHx 3JieMeHTOB BBi6paHBi TaKHM o6pa30M 5 hto6bi o 6 ccneHHTB b cpeAe okojio oG^eKTa 
TpexMepHoe pacnpeAeJieHHe 3HeprHH b BHAe oahhohhoto nHJiHHApa h/hjih BorHyroH JIHH3BI, h/hjih 
ccJjepBi c oS'BeKTOM BHyTpii 3toh cc|)epBi, h/hjih AByx nepeceKaioiAHXoi HHJiHHApHHecKHx nyHKOB c 

30 oGbcktom BHyTpH o6jiacra hx nepeceHeraui, h/hjih nepnoAHHecKHX npocTpaHCTBeHHBix peineTOK c 

UiarOM OT eAHHHU, MHKpOH AO HCCKOJIBKHX MHJIJIHMCTpOB . 

25. YcTpoHCTBo no n.17 hjih 24, OTHHHaiomeecH TeM, hto ajih co3AaHH* Heo6xoAHMoro 
oS'BeMHoro np o CTp aHCTB eHHoro pacnpeAeneHHH H3jryHCHH^ b6jih3h oS'BeKTa bbcaghbi 

AOnOJIHHTeJIBHBie HCTOHHHKH OnTHHeCKOTO H3JiyHeHH^[ C He3aBHCHMBIMH OCHOBHBIMH OnTHHeCKHMH 
35 CHCTeMaMH H AOnOJIHHTeJIBHBIMH OnTHHeCKHMH SjIOKaMH. 

26. YcTpoHCTBo no JiioSoMy H3 nyHKTOB 17-20, OTJinnaiomeeca TeM, hto BBeAeHa 

AOnOJIHHTeJIBHO Tpy6Ka C OnTHHeCKHMH np03paHHBIMH CTeHKaMH H cpeAOH BHyTpH, B KOTOpOH 
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pacnonaraeTCH o6i>eKT 5 a onTHHecKaa CHCTCMa o6ecneHHBaeT saAaHHoe pacnpeAeJieroie cbgtoboh 
3HeprHH BHyTpH 3TOH TpyGicn npH opHeHTaijHH och onTHHecKoro nyHKa baojib hjih nepneHAHKyjiapHO 
och y Ka3 aHHOH TpyGicH, BKJifOHan rniocKyio reoMeTpnio oahoto CBeTOBoro nyHKa, iutockoctb 
KOToporo opiieHTiipoBana nepneHAHKyjiapHO och yica3aHHOH xpyGicH h/hjih AByx njiocKHX nyHKOB, 
5 Me>i<Ay KOToptiMH HaxoAHTca oS-Bercr, h/hjih i^HJiHHflpHHecKyio reoMeTpnio onTHHecKoro nyHKa. 

27. YcTpoHCTBo no n.17, oTJinnaiomeecfl TeM, hto BBeAeH MOAyJiflTOp, coeAHHeHHBiH c 

AOnOJIHHTeJIBHBIM OITTHHeCKHM GjIOKOM, 3TOT 6jIOK BBHIOJIHeH TaKHM o6pa30M, HT06BI oSecneHHTB 

u.HJiHHApuHecKjTO reoMeTpmo CBeTOBoro nyHKa c nonepenHBiM ceneHHeM b BHAe KOJiBija h 
He3aBHCHMOH ijeHTpaiiBHOH nacTBK), MOAynaTop bbiitojihch TaKHM o6pa30M, htoSbi oSecneHHTB 

10 MOAyJDIIJHK) HHTeHCHBHOCTH IjeHTpaJIBHOH HaCTH CBeTOBOTO nyHKa, HeSaBHCHMO OT MOAyJIHI^HH 

nepH(|)epHHecKOH KOJiBijeBOH HacTH. 

28. YcTpoHCTBo no n.15 hjih 26 oTJinnaiomeecji TeM, hto onTHHecKoe bojiokho <j)HKCHpyeTC5i b 
npocTpaHCTBe c noMoujBK) AonojiHHTejiBHoro AepxcarejiJi TaK, htoSbi KOHeu; BOJiOKHa HaxoAHJiCii 
bSjihsh o6-BeKTa, hjih b6jih3h onraHecKOH Tpy6KH c o&bgktom, hjih noMem;ajiocTB BHyrpB 

15 3HAOCKonHHecKoro sjieMenra, npHHeM b caMOM Aep>icaTeJie npeAycMOTpeHo AonojiHHTejiBHoe 
ycTpoHCTBO AJI5I nepeABH>KeHH5i Aep^caTejui BMecTe c bojiokhom b jik)6om 3aAaHHOM HanpaBJieHHH, 
HanpHMep TaK, hto6bi bojiokho nepeMemajiocB coocho baojib BHyTpH TpySicH hjih 3HAocKona. 

29. YcTpoHCTBo no n.28, OTJinnaiomeecK TeM, hto Ha Topen; BOJiOKHa HaHeceHO noruiomaiomee 
noKpBiTHe h/hjih Ha HeM 3a(j)HKCHpOBaH norjiomaiomHH H3JiyneHHe HaKOHenHHK, h/hjih Topeu BOJiOKHa 

20 HMeeT Boriryryio noBepxHOCTB h/hjih Ha yKa3aHHOH BorHyroH noBepxHOCTH HaneceHO norjiomaiomee 
H3JiyneHHe noKpBiTHe h/hjih k TOpny BOJiOKHa npHCTBiKOBBiBaeTCH aKycTHHecKan jiHHsa c 
nornomaiomHM no KpBiTHeM Ha bxoahoh nnocKOH noBepxHOCTH hjih Ha bbixoahoh BorayTOH 
noBepxHOCTH. 

30. YcTpoHCTBo no n.17, OTJimaioineecH TeM, hto BBeAeHBi MHKpocKonHHecKHe noKpoBHBie 
25 CTeKJia, pacnojiaraeMBie Ha nepe,n,BH>KHOM cTOJiHKe, Me>icn,y kotopbimh Haxo/jHTCfl cpe^a c o6pa3ii;oM, b 

KanecTBe onraHecKOH chctcmbi HcnoJiB3yeTC5i cxeMa HHBepraoro MHKpocKona, a Ana npeijHSHOHHoro 
ynpaBJieHHfl nepeABH>KHBiM ctojihkom BBeAeHa cncTeMa rana A>KOHCTHKa. 

31. YcTpoHCTBo no jiio6oMy hs nyHKTOB 17-30, oxjiHHaiomeecfl TeM, hto onTHHecKaa CHCTeMa 
oSecneHHBaeT CBeTOBoe pacnpeAeJieHHe 3HeprHH okojio oG^eKra, KOTopoe nacTHHHO conpHKacaeTCJi c 

30 o6-&eKTOM b oahoh hjih OAHOBpeMeHHO hcckojibkhx iiorpaHHHHBix 30Hax, BKJUOHaa KacaHHe no BceMy 
nepHMeTpy o6BeKTa. 

32. Yctpohctbo no Jiio6oMy H3 nyHKTOB 17-31, oTJinnaiomeecji TeM, hto BBeAeH oahh hjih 
HecKOJiBKO AonojiHHTeji&HBix Gjiokob noAann noTOKOB norjiomaBOiAHx Ao6aBOK b o6jiacTB o6jiyHeHH5i, 
b KOTopBix oSecneHHBaeTCji KaK AHCKpeTHaa, TaK h HenpepBiBHaa noAana 3thx noTOKOB, BKJUonaa 

35 HcnojiB30BaHHe a3po30JiBHoro noTOKa, yKa3aHHBiH 6jiok hjih 6jiokh hmcbot pa3JiHHHyio opHeHxaijHto 
no otho HieHHK) k onTHHecKOMy nyHKy, o6ecneHHBaa b tom HHCJie coocHoe h nepneHAHKyjinpHoe 
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HanpaBJieHHe yica3aHHbix noTOKOB othochtcjii>ho och onrHnecKoro nyHKa h pa3JiHHHyio 
npocTpaHCTBeHHyio reoMeTpmo 3thx noTOKOB ot ijHJiHHApHHecKOH &o njiocKOH. 

33. YcTpOHCTBo no n.17, oTJinnaiomeecfl TeM, hto onTHHecKaa CHCTeMa o6ecnenHBaeT 3aAaHHoe 
pacnpe^eJieHHe H3JiyneHH5i b cpe^e, conpHKacaiomeiiCfl c noBepxHocTbio TBepAbix no^Jio^EceK 

5 pasJiHHHon npnpoAbi, BKJiK) r ia>i nojiynpoBOAHHKOBtie hjih onranecKHe 3JieMeHTbi, a o6beKTbi 
pa3MeLuaioT Ha noBepxHOcra sthx 3JieMeHTOB. 

34. YcTpoHCTBO no jno6oMy H3 nyHKTOB 17-33, OTJiHnaiomeecii TeM, hto b KanecTBe HCTOHHHKa 
H3JiyHeHHH HcnojiB3yioT Jia3ep, pa6oTaiomHH b HenpepbiBHOM pe>KHMe, n bboa^t AonojimrrejibHO 
Mo^yjiOTOp rjm o6ecneneHH)i Mojjynmijm moiahocth b AnanasoHe nacTOT ot eAHHHn; Tn ao ejxmmu 

10 rru 

35. YcTponcTBO no Jiio6oMy H3 nyHKTOB 17-33, OTJinnaiomeecii tcm, hto b KanecTBe HCTOHHHKa 
HSJiyneHHii ncnojibsyiOT hctohhhk HMnyjibCHoro H3JiyneHH5i c AJinrejibHOCTbio HMnyjibca ot 10° ceK 

AO 10" 15 CeK H BBOAHTCa AOnOJIHHTeJIbHblH 6jIOK, COeAHHeHHblH C 3THM HCTOHHHKOM H 

o6ecneHHBaiomHH pe>KHM noBTOpemra OTAeJibHbix HMnyjibcoB b Anana30He ot eAHHHu; Tn; ao coTeH 
15 MTu. 

36. YcTponcTBO no mo6oMy H3 nymcxoB 17-35, OTJinnaiomeecfl tcm ? hto b KanecTBe 
hctohhhkob H3JiyHeHHH Moryr ncnoJib30BaTbCfl ra30Bbie ? TBepAOTejibHbie, nojiynpoBOAHHKOBbie 
jia3epbi h jiasepbi Ha KpacHTejmx, BioiioHaa HMnyjibCHbin a30THbin Jia3ep, nojiynpoBOAHHKOBbie Jiasepbi 
b 6jin>KHeM nHc])paKpacHOM Anana3oi-ie 5 HeoAHMOBbin jia3ep(nepBaa h BTopaa rapMonmca), jiasep Ha 

20 cancjmpe, spGneBbiH, pySHHOBbifi n rojibMHeBbra Jia3epbi, Jiasep Ha yraeKHCJiOM rase. 

37. YcTponcTBO no jno6oMy H3 nyHKTOB 17-35, oraHHaiomeeca TeM, hto cpe^a coAepxcHTca b 

KOHTeHHepe C OAHOH HJIH HeCKOJIbKHMH np 03p aHHBIMH CTeHKaMH, BbinOJIHeHHOM B BH^e naniKH, 

noKpoBHoro CTeioia, cTaKara, ohthhcckoh Tpy6KH c BHyrpeHHHM ceneHHeM pa3JiHHHOH ^opMbi: 
UHJiHHApHHecKOH, kb aAp aTHOH hjih np^MoyroJibHOH, a onTHHecKoe HSJiyneHne HanpaBjraioT 
25 neepneHAHKyji^pHO onTHHecKOH och TpySKH hjih baojib ee och. 
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